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STUDY OF THE COMPONENT ACIDS FROM THE BODY FAT OF THE 
FISH LABEOijROHITA WITH DIFFERENT STAGES OF GROWTH 


By 

R, b. TIWARI and K. G. 3RIVASTAVA ' 

Depariment of Chemistrys UnivmUy of Allahabad^ Allahabad 
’ [Received bn 25th August; 1962] 

' " ■' ABSTRACT ‘ ■ - 

A good deal or variations in the fatty acid cornposkioa of the fish fats have been reported with the 
change in place and cliriiAtin conditions and also even in the same fish different parts have different fatty 
acid composition. It has also been observed tliat the variation is common with different states of matura- 
tion of the fish. Keeping ail this in view an attsmpt has been made to study the variations in the 
component fatty acids from the body fat of the fish Labeo rohita under diflferent stages of growth. 

Changes in the chemical composition of the fish fat with different 
habitat and climate have been reported,^ Lovern^ has reported the variatmn in 
the chemical composition of the fat obtained from the same fish during different 
parts of the year with relcrencc to Herring oil. Black and others' have studied 
•the variations in the fatty acid composition with the growth of the fish puchard 
(Sardina ocellata). Fats obtained from different parts of the same fish have 
different fatty acid cornposjLtioa,'*= Fatty acid composition of fish fat varies m 
rpaturc as well as in ctnbrytniic stages as has been shown in the study of the 
liver fats from the mature and the embryonic sharks,^ 

In the present paper a, detailed study of the component acids of the body 
fat obtained Ironx the dilfcrcnt stages of growth of the fish^ Labeo rohita has 
besen reported. I'hc following points have been kept in view in connection with 
the coilection of the material. 

(1) .[Ehc lisji .w,crej?pBcj;;t^d.ir 9 pi tlie.janic, cnvirpnmcnl;, 


(2) They were collected during the same period of the year, wliich ibr 

the purpose of the present work was the last fortnight of June 
every year. 

(3) A constant change in weight was the main guiding factor in the 

collection of the material for different stages. 

Although the studies on the age and growth of the fish have been reported in 
a large number of cases from foreign oountries/ in India such a type of study has 
been done only in the case of Mrigala (Ham.) and a few other species J 

As the fish Labeo rohita has not been studied from this point of view, the 
age of the fish could not be approximated with regard to the furcal length, 
breadth and weight. Under these circumstances, the variation of weight by a 
constant factor (in this case about 500 gms.) was the only possible criterion of 
classification into different stages. 

The average length, breadth and weight for different stages are shown 
below : 


TABLE 1 


Measurements 



Stage No. 



1 

2 

3 

4 

5 

G 

Length (cms.) 

28.2 

35.9 

41.3 

51.2 

53.4 

56.6 

Breadth (cms.) 

19.5 

23.1 

26.3 

30.0 

33.0 

35.4 

Weight (gms.) 

500.1 

1044.0 

1564.0 

2024.0 

2483.0 

2908.0 


EXPERIMENTAL 

Fish was cut lengthwise on its ventral side. Viscera was removed from the 
fish and the liver was removed from the visceral portion. The liver-removed 
visceral portion and the liver were kept separately in acetone. The body of the 
fish was cut into small pieces and minced and the minced tissue was extracted 
with acetone on a steam bath two to three times. The acetone extract was separated 
and the solvent was distilled off. The residual mass was taken up in petroleum 
ether (b,40 - 60®) which dissolved the fat. The acetone refluxed tissue was also 
refluxed with petroleum ether to dissolve the fat and this extract was mixed with the 
previous petroleum ether extract. The combined petroleum ether extracts were 
dried by means of anhydrous sodium sulphate, the solvent was distilled off and the 
recovered fat was kept in vacuum. 

The analytical characteristics of the fats were determined by the usual 
standard methods. 

Fat was saponified and the fatty acids were recovered from the soap 
solution on decomposition with 10% sulphuric acid solution and subsequent 
extraction with ether. The fatty acids were resolved into three main grou|)8^ A 




fe aoA C by the joint application of iitbium sait-acctone method® followed by 
the Hilditch’s modification of the Twitchcll's® lead salt-ethanol process. 

Acids of each main group were converted into their methyl esters and .subse- 
quently fractionated under reduced pressure. Iodine value and saponiecation-value 
determinations were made on each fraction of the three main groups. The mean 
unsaturation expressed by the fractional number of hydrogen atoms short of 
saturation was determined as usual by interpolation and extrapolation from the 
respective eater fractions in each group from which the mean of the equivalent 
of the homologous ester groups (G„, C,^, Gjs, Cjo, Cj,. and G^j) follows. 

Analytical characteristics of the body fats, from the different stages of the 
fish Labeo rohita arc given in tabic II. 


TABLE II 


Anjfclvtir.Al rnnfiants . 


Stage No. 




1 

2 

3 

4 

5 

6 

%fat 

2.80 

2.93 

2.96 

3.24 

3.86 

3.89 

Aeid value 

2.71 

3.B1 

4.40 

4.39 

3.75 

3.60 

Iodine value 

102.4 

106.1 

107.7 

105.6 

106.7 

104.8 

Sap. value 

196.7 

191.9 

182.3 

189.0 

189.4 

184.8 

Hchner value 

89.90 

89.84 

89.89 

90.40 

90.46 

89.99 

• 


TABLE III 




Analytical characteristics of the mixed acids of the body fats from the six stages 

of the fish Labeo rohita. 

Analvtical cnniitaiits 


Stage No. 




1 

2 

3 

4 

5 

6 

Saponification value 201 

194.5 

189.7 

193.0 

194.7 

196.7 

Iodine value 

109.7 

110.9 

115.6 

110.9 

111.1 

112.8 


A detailed account of the data of fractionation of methyl esters (and their 
calculated composition) of the three main groups of acids from the mixed acids of 
the body fat of the fish Labeo rohita of stage No. 1 arc given in tables V, VI. VII 
and VIII. Similarly the data for the body fats of the remaining five stages were 
tabulated but to economise space only % Viliyf of the component acids (exclud- 
ing NSM) of the body fats of the six stages are given in table IX for 
comparison. 
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■llBLEiV ■ 

Resolution of mixed acids into three main groups with their analytical 

constants. ■ . ; . • • 


Stage 

No. 


A 

B 

.i ’ 


G 



Wt./„ . 

N. V. ' .1. V. W.t.;i 

». V. V.,-. 

■■.W.t.%. 

;N. V% 

' ,LV. 

1 

28.4 

283.8 : 190.4 . 42 . 0 . 

i 281 . 9 . '- - 125.8 . 

•-■' 29.6 

271-.3 

-- 21.4 ■ 

2 

24.4 

290.3 . 215.,1 44 . 5 , 

- 285.6 ,. U 8 . 4 r ■■ 

. ; 3 ia - 

275.8 

■:,:- 22.4 

3 

20.3 

297.4 201.6 52.3 

288 . 7 . ^ . P 37.4 • 

* ^’2 7 , 4 , • 

264.9 

.. 18 . 7 r :.: ' 

4 

23.6 

287.0 195.4 43.1 

281.7 124.5 

33.3 

278.1 

20.6 

5 

26.0 

285.1 249.7 39.3 

273 ' r 126.8 

34.7 

264.7 

23.7 

6 

24.0 

290.6 230.4 41.6 

275.4 149.8 

34.4 

' 267.8 

21.7 



' TABLE V 





Fractionation of methyl esters 

of Lithium salt-acetone 

soluble 

group (A) 



and calculated composition of ester fractions.* 


Fr. 


..... 


Unsaturated 


TSIn 

m. 

, -S.E. , -LV. 





INU* 

’’''Gw .,G,e 

Gjo 

. Gjja 

NSM 

■ j ■ 

1 

2.16 

■ 279.4 ' 146.1 

1.13 , 1.03 

• •• 



2 

1.62 

284.6 ' 152.3 

0.54 - 1:08 

* • » 


' 7 i ' .1 

•3 

1.93 

288.1 ■ 159.8 

0.40 1.53 

• •• 



4 

2.10 

294.6 168.1 

2.05 

0,05 



5 

2.08 

299.9 180.4 

1.57 

0.51 


* « M 

6 

1;95 

• - 306.1 200.9 

; 0.99 

- 0 ; 96 * 



7 

1.49 

315.9 ' 219.4 

0.21 

1.28 



8 

1.96 

336 . 1 * 248.9 

• •• 

1.17 

0.75 

0.04 


15.29 

Wt. 

2.07 . 8,46 

3.97 

0.75 

0.04 



%esters 

13.54 55.34 

25.96 

4.90 

0.26 



■ %acids 

13.46 - 55.30 

-• 26.04 ■ 

i4.93 

0.27 ■ 



%in mixed 






acids ' 

3.83 15.71 

■ 7.40 

1.40 

0.08 • 


Unsaturated esters taken as : 








S;e; i;y', ' 





Gi, 

267.3 128.3 





G,, 

294.0 172.8 





G„ 

319.8 246.2 ■ ' 



- 


Gaa 

346.5 :^ 74.9 




[ ■] 




TABLE VI 

foactionation of methyl esters of Lead salt ethanol soluble group (B) and 
calculated composition of ester fractions. 


Saturated 


Unsaturated 


Fr. 

No. 

Wt.; S. E. I. V. 

Gx8 

0,8 

G20 

Gie 

^18 

Gaa 

NSM 

1 

3.16 274.8 81J.4 

o!23 

0.05 


2.12 

0.76 



2 

2,75 ‘280.6 94.6 

0.07 

0.05 

« * ♦ 

1.37 

1.'26 

« • * 


3 

3'.3-3 288.7 95.8 

0.06 

0.12 

■ . • 

0.72 

2.43 

• • • 

■ ... . 

4 

4'i.l8;; 296.1 .99.4 

0.01 

0.19 

■ . . 

... 

3.89 0.09 



5 

3.5,6,, 301.4 110.6 

• • * 

0*19 

0.02 

• > « 

2.56 0.79 

« • • 

— r 

6 

2.97 304.6 128.7 

« » • 

• « • 


* « • 

1.89 • ' 1.08 

* # • 


7 

1.79 314.6 139.6 

« « « 


• • * 

• « A 

0.46 1.33 



8 

1.88 329.4* 164.6 

... 


... 

... 

1.57 

0.29 

0.02 . 


23.62 * Weights 

0.37 

0.60 

0.02 

4.21 

13.25 4.86 

0.29 

0.02 ■ ■ ' 


' ' %esters 

1.57 

2.54 

0.08 

17.82' 

56.11 20.57 

1.23 

0.08 


j i %acids 

1.56 

2.54 

0.09 

17.74 

56.10 20.65 

1.24 

0.08 


* , mixed 








acids 

0.66 

1.07 

0.04 

7.45 

23.56 8.67 

0.52 

0.03 


Unsaturatcd esters taken as 


0.e 

Ui8 

Ca. 


S. E. 

I. V. 

268.0 

94.8 

295.6 

103.1 

321.8 

16’5;8 

348.0 

219.0 


TABLE VII , 

Fractionation of methyl esters of Lead salt-cthanol insoluble group (C) 4nd ' 
calculated composition of ester fractions : 


Saturated 


Unsaturated. 


. Fr. 
No. 

Wt. 

S. E. I. V. 


"Cie" 

^18 

^<20 

C,6 

C,8 

"Gm 

NSM 

1 

2.57 

264.7 8.75 

0.40 

1.93 


" — 0.03 

0.21 

— 

— 

' 

2 

2.37 

267.3 10.34 

0-18 

1.93 


_ 0.01 

0.25 


— 

— , 

3 

4.30 . 

274.1 13.74 


3.08 

0.58 

_ , — 

0.49 

0.15 

— , ; 

— • 

4 

3.41 

281.5 14.95 

_ ,, 

1.61 

1.24 

„ ^ 

0,28 

0.28 

— 

, _ 

5 

3.28, 

,287.4 18.47 

_ 

0.92 

1.67 



0,20 

0,49 

— .* 


6 

2.18' 

295.5 22.90 


0.13 

1.47 

— ■ ' — 

O', 01 

0.57 

. — 


7 

2.1'7: 

'306.1 30.70 


' 

0.95 

0.41 : - 

■ 

0.50 

0.31 

i — . , 

8 

1.31 

313.4* 37.80 


— 

0.42 

0 28 — 



0.32 

0.27,, 

„0.02, 


'2T59 

‘ Wts.‘ 

o;58 

9,60 

■ ;6.33 

0.69 0.04 

1'.44 

2.31 

0.58 

0.02 


t 

; '%cstcrs 

2.73 44.46 29.31 

3.19 0.18 

6.66 

10.70 

2.68 

0.09 



. ,% acids 

2.71 44.35 29.39 

3.21 0.18 

,6;64 

10.73 

2.70 

0.09 



%m mixed 











acids 

0.80 

13.12 

8.69 

0.95 ' 6.05 

1.96- 

3.18 

0.80 

0.03 


All unaaturated esters taken as monoethenoids 

' ^Equivalents^ of esters freed from NSM A8=^329*7 ; B8 = 325.6 ; Ga==?308.4 

[• 5 . ]; 


tAtlLE Vllt 


Acids 

Component 

acids 

Sum 

% 

Whole fat excluding 
unsaponifiable matter 

A B 

G 

W/W 

(%) 

Moles 

(/o) 

Myristic 



0.80 

0.80 

0.80 

0.98 

Palmitic 

— 0.66 

13.12 

13.78 

13.80 

14.99 

Stearic 

— 1.07 

8.69 

9.76 

9.77 

9.57 

Arachidic 

— 0.04 

0.95 

0.99 

0.99 

0.88 

Unsaturated fractions 





Gu 



0.05 

0.05 

0.05 

0.06 


3.83 7.45 

1.96 

13.24 

13.26 

14.53 

C,8 

15.71 23.56 

3.18 

42.45 

42.51 

42.07 

Gm 

7.40 8.67 

0.80 

16.87 

16.90 

15.31 

Cai 

1.40 0.52 

— 

1.92 

1.92 

1.61 

NSM 

0.08 0.03 

0.03 

0.14 



Mean unsaturation of : 





Cu 

— 

-2.0 

-2.0 



Cie 

-2.7 -2.0 

-2.0 

-2.2 



Cjs 

-4.0 -2.4 

-2.0 

-3.0 




-6.2 -4.2 

-2.0 

-5.0 




-7.5 -6.0 

— 

-7.1 





TABLE IX 




Component acids excluding non saponifiable matter (%W/W) 

( 

Acids 



Stage No. 



1 

2 

3 4 

5 

6 

Myristic 

0.80 

0.12 

1.84 0.62 

2.76 

1.88 

Palmitic 

13.80 

14.85 

14.62 14.33 

17.49 

20.18 

Stearic 

9.77 

11.50 

9.12 13.40 

6.93 

9.03 

Arachidic 

0.99 

1.33 

0,48 3.04 

1.89 

0.24 

Unsatvirated fractions 





C,* 

0.05 

— 

0.11 0,01 

0.65 

0.60 

Gis 

13.26 

8.67 

9.74 12.41 

26.23 

24.43 


42.51 

39.65 

40.02 37.73 

30,48 

23.83 

e.o 

16.90 

23.32 

19.12 17.34 

9.07 

15.44 

c„ 

1.92 

0.56 

495 1.12 

3.93 

4,37 

0*4 

—— 

— 



0.57 



[ e ] 


bisaussiON 

Thcfatty acid composition of the body fats of the fish Labco rohita shows 
resemblance with other fats of aquatic origin, ^ in that the fats contain a«, C,7and 
C,o as the major and Gj* and Gj,, as the minor unsaturated acids.- The proportion 
of Caj unsaturated acids usually increases at the later stages in case of body fats 
(Tabk unsaturated acids are also found to occur towards the fifth stage 

, saturated acid in the fats of aquatic origin is 

palmitic (10 to 18%) while mynstic and stearic acids are present in minor 
proportions^ (1 to 2%). In the body fats of this fish the percentage of palmitic acid 
% ^ (.1^*0 20%). A significant difference is in the high percentage 

(7 to xo/oj of stearic acid* Arachidic acid though a mirior component is inevitable 
and has been reported in a number of Indian fresh water hshes.^La The distinctive 
features of the fresh water fish fats are the small proportions of unsathrated 
acids, the predominance of unsaturated Gjg and acids. Although the small 
proportions of 0^^ unsaturated and predominance of unsaturated 0|g acids (24 — 40y) 
arc maintained iti the present case, the unsaturated O^o acids are not present in 
reduced proportions (10 to 23%), 


A comparison of the component fatty acids of the fats from the sea water 
life and the fresh water life reveals significant differences in that the fats of 
aquatic animals, large or small, differ typically in the proportions of certain 
component acids according to whether the habitat of the animals is salt or 
fresh water. In the marine fats Gjg and G^a unsaturated acids are less than 
those from fresh water fats while the G,o and O22 unsaturated acids are more 
in the marine than in the fresh water fish fats. The acids from the body fat 
of Labeo rohita show a similarity with the fats of marine mammalia such as 
Whale oil, in increased content of Gjq unsaturated acids. The Gig unsaturated 
acids are present in considerable amount and the percentage of G^^^ unsaturated 
acids is almost comparable to that of Gj^ unsturated acids (10 -“25%). The G^.^ 
unsaturated acids arc however, in traces ; in all cases less than 4.5%. 


As a result of the analysis and examination of the body fats of the fish 
Labeo rohita of the six stages mentioned earlier, it has been observed that 
the iodine value of the fats remains practically between 102 and 107 indicating 
that although the proportions of different unsaturated acids undergo a change with 
the growth of the fish, the mean unsaturation of the fats remains the same. 
Saponification value shows a decrease in the second and third stages, then increases 
by about six units in the subsequent stages, which shows that after the third 
stage there is a tendency towards the formation of lower acids (Table II). This 
point is also borne out by the component acids of the body fat as shown in 
Table IX* In the second and third stages there is an increase in the proportions 
of Ggo and G^ji unsaturated acids but a small decrease in the amounts of G^g and 
Cie unsaturated acids and also there is a slight increase in the proportions of 
palmitic and stearic acids. It is also clear from the results (Table IX) that the 
change of unsaturated acids with different stages does not show any regular 
gradation. Gig unsaturated acids decrease progressively from the first to the sixth 
stage with the consequent increase of Ggo or Ga2 unsaturatc-d acids or both so that 
the mean unsaturation practically remains the same during different stages. The 
Cji0 unsaturated acids similarly show a decrease in the second stage and then 
^adually increase to 26%, The percentage of palmitic acid is almost constant 

I 7 } 



iipto the fourth stage ; and then increases In the later stages. The arachidic acid 
which, as has been already explained, rarely occurs in foreign fish fats, .but is a 
minor constituent of Indian fish fats,, shows an irregular variation. ' • 
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STABILITY OF LYOPHOBIG COLLOIDS 
PART I. STABILITY OF HYDROUS FERRIC OXIDE SOL IN THE 
PRESENCE OF NON-ELECTROLYTES, ACETONE AND ETHYL AIUOHOL 


By , 

RRISHNA GHANDRA NAND*,GUR PRASADt and SATYESHWAR GHOSH* - 
Chemical Laboratories, University of Allahabad, Allahabad 


[Received on 2 1st September, 1961] 


ABSTRACT 

Samples of the sols of hydrous ferric oxide were prepared by three different methods* viz. by 
(i) Kreck’s method* and by peptising with (ix) hvclrochlnric and (iix) acetic acid. The iron content 
of the sols and the pH were kept the same. Goagulaiion kinetics were studied with the help of Lumetron 
photoelectric-colorimeter, using potassium chloride as coagulating electrolyte, both in the presence and 
absence of ethyl alcohol and acetone. Sedimentation velocity of the coagulutn was also noted with 
Lcitz-E-Sedimcntometcr. It has been -concluded that sensitisation and stabilisation produced by the added 
non-electrolyte is highly specific and is greatly influenced by the surface properties of the dispersed units 
which arc differed for the lol particles of the flame substance, but obtained by different methods. 

The influnce of non-clectrolytes on the stability of a sol is a Tcxed problem 
and holds out promise for further work. The stability of hydrous ferric oxide 
sols has largely been investigated by several workers. The precipitation value 
of an electrolyte has been considered to be important in describing the stability 
of a sol, which is considerably affected by the presence of some non-electrolytcs. 
It has been noted that for a sol, this varies with the nature of the electrolyte and 
even with the time of observation, as has recently been investigated by Ghosh and 
coworkers (I, 2). The present investigation deals with the stability of colloidal 
hydrous ferric oxide as affected by the non-electrolytes, ethyl alchol and acetone, 
towards potassium chloride in order to assess the nature of the sol particles as 
obtained by different methods viz. by Kreck’s method and also by peptising the 
hydrous oxide either by hydrochloric or acetic acid. 

EXPERIMENTAL 

Three samples of hydrous ferric oxide sol were prepared(A) by Kreck’s method 
and by peptising with (B) hydrochloric and (0) acetic acids. The iron contents of 
the sols were adjusted to 0.6518 gm of iron/litre by dilution and pH was also adjus- 
ted to 3.65 by dialysing the sols to different extents. The purity of the sols A and 
B were determined by estimating the ratio of iron to chloride present in these sols 
and were found to be 1.5322 and 0.7661 respectively. The stability of three sols 
towards its complete coagulation by potassium chloride solution was first determi- 
ned and were as noted below 
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TABLE 1 

Temperature »=5 35^ 

Time of complete coagulation sss I hour* 
Volumes of sol taken = 5 ml. 

Total volume = 30 ml. 


Sample 


Amount of potassium chloride required for 
complete precipitation. 


A 2.6 ml 0.5 N KGl. 

B 3.8 ml 0.1 N KGl. 

G ; 6.0 ml N KGl. 


. A Lumetron photoelectric colorimeter model 402-E was employed to stuy 
the coagulation kinetics, operated on 115v with incandescent bulb of 100 C. P. 
the source of light. The emitted light was passed through a monochromatic 
filter (640 The apparatus was calibrated with distilled water in the cuvette 

for 100 percent transmission. From the observed values of percentage trans- 
mission the optical density was calculated by the relation : Optical Density = 2 Jog^o 
P, where P is the percentage transmission. The transmission was noted at different 
intervals of time for the mixture containing 5 ml of sol, x ml KOI + (25 - x) 
ml of distilled water, so that the final volume was 30 ml. The observations were 
taken within thirty minutes after the addition of the electrolyte. The results 
obtained with the sols A, B, C are reproduced in figures (1 to 6). Experiments were 



fig. I. ]^ect of Ethyl Alcohol on the Coagulation Kinetics of Sol A. 
gurve A 0% ; B 1. 0% ; G 3.0% ; D 5.0% of ethyl alcohoj, 
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Fig. 6. Effect of Acetone on the Coagulation Kinetics of Sol G. 
Curve A 0% ; B 1.0% ; C 3.0% and D 5,0% of acetone. 


aUo performed with diluted sols by taking 2.5 ml of the sols in the final volume 
of 30 ml, and the results obtained show that the effect of the non-electrolytes 
becomes pronouced in the case of dilute sols. 

It was noted in these experiments that as the coagulation process started 
there was an increase in the optical density- In the case of sol B, however^ 
the optical density reached a maximum value and then decreased. There was no 
settling of the precipitate within thirty minutes of observation for the sols A and 
G but partial coagulation occured in the case of the sol B* 

In the course of these experiments if was also noted that the sols A, B and G 
yielded precipitates after coagulation which differed remarkably both in character 
and colour. Hence, the same amount of coagula obtained by coagulating the 
different sols by such amounts of potassium chloride which required one hour for 
complete coagulation, were collected and were shaken with a fixed volume of 
distilled water. The rate of sedimentation of the three suspensions were recorded 
with the help ‘of Lcitz E-Sedimentometer. The results have been reproduced 
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in fig, 7 and shows that the rate of settling of the coagula of the diffcretti 
sols arc in the order ; Sol A > Sol B > Sol G. 



Fig. 7. Sedimentation Velocity of the Coagula of the sols A, B and C. 

The microphotographs of these coagula were also taken and arc given in 

plates 3* 





Plate No* 1 Sol A (Magnified 224 times). 
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plate No. 2 Sol B (Ma^infied 224 times )^ 



Plate No. 3 Sol G (Magnified 224 times). 

It is clear that whilst in general the particles of the coagula obtained from the Sol A and ^ arc 
large, those from the Sol G arc smaller in size and a more compact and flocky structure is tormed ip 
the l^ttpr ease. 
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SUMMARY OF THE RESULTS 


The following conclusions are drawn from the above observations ; 

The sols of hydrous ferric oxide obtained by the various methods are different 
in their physical and chemical properties. As the pH and iron contents of the 
sol samples A, B and G were the same, the difference in their behavior 
towards the same non-electrolyte is due to the difference in the surface properties of 
the dispersed colloidal unit, ethyl alcohol sensitises sol A, whereas it stabilitises sol 
B and G. Acetone, however, sensitises sols A and B but stabilisation is observed in 
the case of sol G. The extent of sensitisation or stabilisation produced inci eases with 
the increasing amount of non-electrolyte. The nature and shape of the coagula of 
the sols A, B, G. are different. The particles of sol A being comparatively heavier 
and larger than these of sol G, settles more rapidly. Further, the stability of these 
sols against coagulating electrolyte potassium chloride also varies. Sol G 
being most stable while sol B is least stable among the three. 

It is concluded that the hydrous ferric oxide sols prepared by different 
methods behave differently both in their physical and chemical properties. The 
method of the preparation of a particular sol has to be taken into consideration 
while defining its stability. The sensitisation or stablisation produced by the added 
non-electrolyte is highly spec-fic for the sols of hydrous ferric oxide; prepared by 
different methods and is dependent upon the surface properties of the dispersed 
colloidal units, which are different for the sol particles of the same substance 
obtained by different methods. 
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ABSTRACT 

Milk was coagulated by hydrochloric acid and two^ zones of coagulation were observed at two 
widely varying concentrations of coagulant While studying dilution efet on milk, normal dilution 
law was found applicable in the first zone, whereas in the second zone reverse was the case. Charge 
reversal took place in the second zone of coagulation, the milk underwent a change of charge from 
negative to positive value near about the second zone of coagulation. To determine the effect of mixing 
natural milk with liquified powered milk both whole and skioamed, the coagulation of these milks and 
their mixtures with pure milk was studied. The coagulants used were lead nitrate, lead acetate, zinc 
sulphate and aluminium chloride* The powdered milks both whole and skimmed also obeyed the normal 
dilution law in the first zone of coagulation. The skimmed milk was found to be a bit more stable 
than pure milk. 


There are no suitable routine methods for distinguishing reconstituted milk 
from natural milk. An attempt was made by Choi and coworkers^ to disting- 
uish reconstituted milk by determining fcrricyanidc reducing (P* R. S.) value. It 
was found that a P. R, S. value of 4.07 mgm. of potassiungi-ferrocyanidc per 100 ml 
of milk was the maximum for normal pasteurized milk, 

A value above this indicates either successive heating of milk during pasteuri- 
zation or the presence of any from of processed milk solid. When the precise 
condition used for pasteurization is not known, detection of un-denatured whey 
proteins and the nitrogen content of milk will help to differentiate between the 
above two possibilities. The freezing of the samples give variable values.^ Hence 
it is clear that a satisfactory method for distinguishing between reconstituted 
milk and pasteurized milk has yet to be developed. 

With this end in view, it was thought necessary to study the physico*chcmical 
properties of both reconstituted and pasteurized natural xnilk. Several attempts 
have been made to study the physical properties of milk. Measurements of 
density^, viscosity,* surface tension,® electrical conductivity,^ pH/ freezing point 
coagulation by rennet and electrolytes,® determination of size distribution of 
fat globules*® and circular paper chromatography**, have been used for the pur- 
pose of detection of adulteration in mUk. 
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It will be reasonable to assume that in liquified millc both from skimmed 
and whole mUk powders, the size of the globules and their stabilities may not be 
the same as in the case of pure milk and that the partial coagulation of the 
different types of milks mentioned above may not occur simultaneously. It may, 
therefore, be possible to separate these in a mixture by coagulation. Hence it was 
proposed to study the coagulation, of, pure .cow’s milk obtained from the same 
source^ and pure milk diluted with distilled water, liquified milk horn whole milk 
and skimmed milk powders and also the mixtures of pure with whole and skimmed 
milk powders to Bind out if a differentiation could be made* 


EXPERIMENTAL 


^ from the same animal was collected and it was warmed up to 70“G 

for I'o S .o that ourdUog may bo p'ioven.od 

oroDorto of I,- ’i'P •M'iyofthephyriochcB.ical 

ffied at ‘coagulations with electrolytes were 

used two sets of to study coagulation by electrolytes, wc 

chromk add and fiLll thoroughly deaned and washed by alkali and then 

KeoX overn.Vh? fn times with distilled water and then dried by 

requisite auantitie, of^*v, position. In one set of test tubes, were taken 

of^distilled water various electrolytes together with suflFicient quantity 

the nanSlarSdfe 1° k” ° ^ ‘"^es 5 ml of 

contents ^ the be studied were taken. The 

graduallv in the Silk electrolyte after shaking well were poured. 

tSTntaiLa elSc tr^ back again in tL test 

the test tube containiSjSh mixture was again poured back into 

«4°^r b2t;‘,s“„“Tbr.r?ubo 


i^iibULiis AND DISCUSSIONS 

Derailed resulu „i,h p„re milk are giveb in Table I „i,l. HOI. ' 

From the Table T U tArUi 

zones of'coaguladoa“ of pure 

(0,0067 M) and the other at a much One at a lower concentration 

mention^ that coagulation of milk at the (0.168 M). It may be 

also by Dhar and coworkers.i* higher zone of coagulation was studied 

5stiiled**^S^'^ ®^®e'^ilfe°°dilmed°m d^ffeJe Td^ experiments., 

water. The coagulation values obtained with HQ? are gfet rSuilf 
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No. 


Milk 


TABLE I 

Coagulation of pure milk with HGl 


HGl 


Water Gone, of HGl 

in mixture 
(millimoles) 


Results 


1. 

ml 3.0 ml of 0.02M: HGl 

2.0 

ml 

6.0 

2. 

3.2 ml „ 

1.8 

ml 

6.4 

3. 

»i 3.3 ml ,, 

1.7 

ml 

6.6 

4. 

,, 3.35ml ,, ,. 

1.65 

ml 

6.7 

5. 

II „ 

1.6 

ml 

6.8 

6. 

!• 3.5 ml „ 

1.5 

rnl 

7.0 

7. 

„ 4.0 ml ,, ,, 

1.0 

ml 

8.0 

8. 

5.0 ml „ 

0.0 

ml 

10.0 

9. 

1.0 ml or 0.2M HGl 

4.0 

ml 

20.0 

10. 

,1 2.0 ml ,, „ 

3.0 

ml 

40.0 

11. 

,, 2.5 ml ,, ,, 

2.5 

ml 

50.0 

12. 

1 , 2,7 ml ,, 

2.3 

ml 

54.0 

13. 

„ 2. a ml ,, „ 

2.2 

ml 

56.0 

14. 

11 2.9 ml ,, ’ ,, 

2.1 

ml 

58.0 

15. 

II 3.0 ml , , j j 

2.0 

ml 

60.0 

16. 

,, 4.0 ml ,« ,, 

1.0 

ml 

80.0 

17. 

„ 2.5 ml of 0.4M HGl 

2.5 

ml 

lOO.O 

18. 

M 3.0 ml „ ,, 

2.0 

ml 

120.0 

19. 

•1 4.0 ml „ ■ 

1.0 

ml 

160,0 

20. 

If 4.1 ml ,, 

0.9 

ml 

164.0 

21. 

j i 4,2 ml , , ^ , 

0.8 

ml 

168.0 

22. 

,, 4.3 ml ,, ,, 

0.7 

ml 

172.0 

23. 

„ 4.5 ml ,, ,, 

0.5 

ml 

180.0 

24. 

,, '5.0 ml ,, ,, 

0.0, 

ml 

200.0 


No Coagulation 
»» >» 
n 

Coagulated 

tt 

II 

II 

11 

ft 

I* 

II 

If 

No coagulatxoii 

» H 


*» fl 

♦ I >*• 


s> 


» 


II II 

Coagulated 


II 


II )i 

II II 


TABX.E II 

Coagulation of milk, pure and diluted with distilled water 


Concent i^ations of Milk 


Coagulation concentration in 

Mill i mol. 




Tst coag. 

1 

2nd coag. 

Pure Milk 


1 

6.7 

j 168 

100 parts pure milk 

+ 

25 parts water 

5.5 

183 

100 

+ 

50 parts ,, 

5.0 

191 

100 „ „ 

+ 

75 parts „ 

4.5 

199 

100 „ 

+ 

IQO parts „ 

4.1 

204 




From the above data it is clear that the ordinary dilution law: the lower the concentration of the colloid 
^he smaller is the amount of the electrolyte necessary to coagulate : is applicable to the first zone of coagulation. 
.But in the case of the second zone where higher concentration of electrolyte is necessary, a reverse that is, an 
abnormal rule is applicable. 
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-At these dilutions the concentrations at which the charge reversal takes place and the concentrations at which the second coa^lation 
takes place were so near that at times it was difficult to distinguish them. 

■In this case the 2nd coagulation do^ not take place up to a concentration of 1 M. 


In the following table III (a) are given the analysis of the different types of 
miHtsused. 


TABLE III (a) 


Milk 

Fat content 

Total Solid 

Solid non fatty 

Pure milk 

4.6 % 

13.5 % 

8.9 % 

Whole milk powder 

2.7 % 

11.8 % 

9.1 % 

Skimmed milk powder 

0.1 % 

9.1 % 

9.0 % 


It is apparent that the charge reversal with HGl, HNO3, CHjCOOH, 
oxalic and tartaric acid is due to the adsorption of H"*" ions and with AlGl a and 
Al(NOa)a to the A 1 +++ ions and hence the milk which was negatively charged in 
the beginning should become positively charged on adsorption of these ions. 

An attempt to find out if there is charge reversal with HjSO^ also failed to 
reveal any charge reversal. It was also found that with tartaric and acetic 
acids at all dilutions and with Al(NOa)a at comparatively smaller dilutions it 
is not possible to distinguish the second zone of coagulation. 

' , t 

Coagulation experiments were carried out also with HjSO^, AgNO| 
Pb(NO,)„ Pb(GHsGOO)2, CuSO*, ZnSO*, G0SO4, MnCla, NiGl^ and FeGlj. In 
these experiments the first coagulation zone was studied. The results obtained are 
given in Table IV. For the sake of comparison the results with HGj, HNO,, 
acetic, oxalic and tartaric acids together with AlGl# and AlCNOj), are also 
included. 

In order to find out the effect of mixing natural milk with the whole milk 
powder and skimmed milk powder the coagulation of pure milk, liquified powder 
milk whole and liquified skimmed milk powder and the mixtures of these, was 

' studied. In order to have the results strictly comparable the coagulation of 
pure milk, liquified whole milk powder and powder skimmed milk diluted appro- 
priately with distilled water were also studied by Pb(NOj)a, Pb(CHjGOO)., 
ZnS04, and AlOl,. The results are given in Tables V and VI. 
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tABLE IV 

Coagulation of milk, pure, and diluted with distilled water by various electrolytes 




Coagulation concentrations in 

Millimol. 


Electrolytes 

1 

Pure 

milk 

100 parts milk 
+25 parts water 

100 parts 
milk + 50 
parts water 

100 parts 
milk + 75 
parts water 

100 parts 
milk + 100 
parts water 

HGl 

6.7 

5.5 

5.0 

4.5 

4.1 

HNO, 

6.2 

5.2 

4.8' 

4.3 

4.0 

GH»GOOH 

6.5 

5.3 

4.5 

4.1 

3,8 

Oxalic Acid 

9,57 

7.52 

5.93 

5.24 

4.79 

Tattaric Acid 

3.44 

3.00 

2.68 

2,36 

2.14 

H3SO4 

3.0 

2.6 

2,3 

2,1 

2.00 

AgNO» 

21.0 

16.5 

14.0 

12.5 

11.5 

PKNOa^a 

4.4 

3.8 

3.0 

2.8 

2.6 

Pb(GHaGOO)a 

4.0 

3,4 

3.0 

2.6 

2.4 

" CuSOt 

8,6 

6.8 

6.0 

5.1 

4.4 

ZnS 04 

7.0 

5.8 

5,2 

4.6 

4.2 

' C0SO4 

13.2 

10.4 

8,0 

6.8 

5.6 

MnClf, 

7.7 

6.6 

6.0 

5,0 

4,7 

^ NiGU 

8.8 

7,2 

6.2 

5.6 

5.2 

. AUN 03 )a 

4.2 

3,6 

, 2.9 

2.6 

2.3 

' Alda 

4.2 

3.6 

2.9 

2.6 

2.3 

FeCla 

5.6 

. 4*6 

4.0 

3.6 

3.1 
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TABLE V 

Coagulatiori of milk pure and liquified powdered, whole and Skimmed 


B^atid 001 + 
pauitotsjs sp^d 001 

CO m q 

CNI CS •4’ c4 
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8?n3d 001 +31111U 
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q CO q 

CN c4 CN 
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q q 

CM e4 nj? cvf 

x^r^iziA 
Bp-ed 54 +3i[iitxi 
p9lXltXJI3lS S?Jt2d 001 

CO q i>. 

cd c4 e4 

JWM sptJd 54 
-|-3||it« opqArt. s^jBd 001 

cn q q 

Cn{ c4 -O^ CM 

J9a^A\ s).n3d 54 
4.3[ltui 3Jnd siicd 001 

q q q CO 

c4 C4 CM 

jo^tjM S3J«d os 

p^tumpis sjjtjd 001 

q (M q q ' 

CO CO lo cd 

s}jb 4 05 
+5ipra ojoqM sn^d oOl 

q q 04 o 

CO uo cd > 

aouJM spBd og 
4-3iqtn oancl sn^d qoi 

q q CM 

CO CO »n (M 

aojm spud 52 +3itn« 
poiwraiqs swi3d qq! 

q q -iCH C50 

cd 40 cd 

JO? 'EM BJJUd 52 

+yi[iia opqM s?ji 2 d oOl 

q q Cj i> 
cd cd id cd 

JOjtJM fi?jBd 52 
+311101 ojnd 8?jBd 001 

3.8 

3.4 

5.8 

3.6 

japMod 31(101 pammrsjg 
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JopMod 3(itui opq^ 

q M q q 
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la all these cases the normal dilution law is obeyed where only first zone of 
coagulation is determined. It will be interesting to note that powdered skimmed 
milk under practically identical conditions becomes more stable. 

A point of interest is that from H2SO4 can not bring about the charge 

reversal probably due to the bivalency of the SO^*” ions. 

Previous workers have studied the coagulation of Prussian-Blue, gamboge, 
gum dammer, silver sol, milk, mastic, arsenious sulphide and antimony 
sulphide with various electrolytes. In the most of the cases reverse dilution law 
was obeyed with uni-univalcnt salts like KGl, KNO3, NaOH, GHgCOONa 
and KF. In some cases bi-univalent electrolytes such as BaGl,, GaGl^ and 
Ba(N03)2 also showed abnormal dilution law, whereas electrolytes containing tri- 
valent ions usually gave normal dilution law. 

In this investigation we have observed that the same sol of milk which is 
negatively charged oiiginally, follows normal dilution law but when charge 
reversal takes place it follows an abnormal law with HGl, HNOa, oxalic acid, 
AlGis and Al(lSfOa)3, 

An attempt to coagulate milk with bi-valent and tctra-valcnt ions with a 
view to find out as to the real cause of abnormal dilution law and its relation to 
the charge reversal is under investigation. 

The .author is very thankful to Dr. A. G. Chatterji, Dr. S. N. Shukla and 
Dr.R. S. Srivastava for their interest and helpful guidance. The author is also 
thankful to Directoraie of Medical and Health Services, U. P, Government for the 
grant that enabled this scheme to be under taken. 
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INFIUENCE OF MOLASSES, PRESS-MOD AND OANE LEAF WITH 
AND WITHOUT PHOSPHATE (BONE MEAL, ON RECLAMATION 
OF SALINE AND ALKALINE SOILS 


By 

N. R. DHAR and P. N. SINGH 

Shiila Dhar Institute of Soil Science, University of Allahabad 
[ Received on I2tli February, 1962 ] 

ABSTRACT 

Field trials in highly saline and alkaline soils of Bhupalsagar (Rajasthan) were conducted with 
eight treatments. Design of experiments followed was randomised block lay out and organic matter 
used were Molasses, Press mud and can leaf alone and mixed with phosphate as Bone meal. Analysis 
of soil at different intervals showed a definite improvement in removaT of salinity and alkalinity, salt 
concentration and in improving fertility status and the physical properties of the soils. Application 
of these organ c’matters or straw at the rate of ten tons and phosphate (P 2 O 5 ) 100 lbs. per acre would 
prove a profitable and a permanent reclaiming agent for alkaline and highly saline soils of India and 
elsewhere. 

Saline soils arc unfit for cultivation of agricultural crops, pastures and forests, 
depending upon the concentration of the salts in soil solution. Gradually these 
soils become poorer in organic matter and tilth to still poorer condition due to high 
rate of oxidation of organic matter and leaching occurring in the soil. In humid 
and sub-humid climates a stage comes when these soils are converted into alkali soils. 
Saline soils are likely to become alkaline in canal irrigated areas also if a proper 
use of irrigation is not followed and drainage conditions are not satisfactory. 
In the Rajasthan State (India) the problem of soil salinity and alkalinity may be- 
come more acute on the introduction of canal irrigation and the problem has to be 
tackled from the* very beginning; In countries like Hungary, Russia, Holland and 
the U. S. A. as well as in India use of chemicals like gypsum, sulphur or sulphmic 
acid for the reclamation of saline and alkali land has been practiced but as the 
humus status does not improve by these methods permanent reclamation of these 
soils may hot be achieved. This is true for the soils of Rajasthan State which are 
already rich in the alkaline earth bases. Humus is a part of the soil exchange 
complex and acts as an excellent buffer in maintaining suitable soil reactions. There 
is an intimate relationship between the total phosphate status of the soil and its 
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humus content. Hence the phosphate content of the soil should be raised in order 
to raise the humus status. 

Reclamation experiments in highly saline soils of Bhupal Sugar (Rajasthan) 
were carried out by the use of organic matter. 

The organic matter like molasses, press-mud and cane leaf (which are easily 
available in the Sugarcane growing areas) were added to the saline soils ior recla- 
mation either alone or mixed with bone meal. 

METHODS AND MATERIALS 

Field trials were carried on in the Rawatia Farm of the Mewar Sugar Mills, 
Bhupalsagar situated two miles from the Bhupalsagar railway station. The sources 
of irrigation were canal and rain water. Several salt infected small and big patches 
of alkaline land are of common occurrence in this area and general morphology 
of the soil is black colour, hard, a thick layer of salt on the surface without 
any vegetation. The soil also forms cracks in the dry season and becomes very hard. 

Ley out of the experimental plots was carried on 15th June, 1959. Molasses 
was diluted 10 times before it was applied to the plots. Cane leaf was thrashed on 
floor by bullock. Weighed quantity of amendments were applied and thoroughly 
mixed in the plots and moistened with water before the commencement of rains. 
Paddy was transplanted on 1st Aug., 1959 and harvested in the month of Nov., 
1959 and barley was sown immediately afterwards. Barley crop was harvested in 
the month of April, 1960. Soil samples were collected and were analysed periodi- 
cally. The analytical results have been recorded in the tables. 

Analysis of the saturation extract of the soil was carried on by the method re- 
corded in the U.S. Handbook No. 60 (22). The electrical conductivity was measured 
with the help of a ‘Solubridge Soil Tester’ (22), chloride by Mohr titration method 
using silver nitrate and potassium chromate, sulphate by gravimetric barium sul- 
phate method, carbonate and bicarbonate by the method described by Ass. OIB. 
Agric. Chemist 1950 p. 539, calcium by oxalate method, magnesium as magnesium* 
pyrophosphate, potassium by the cobaltinitrite method (Piper 1942 p, 178), sodium 
as sodium uranyl magnesium acetate. pH was measured by a Beckman’s pH meter 
using a glass electrode, mechanical analysis by pipette method (15). Methods used 
for determining the chemical composition, permeability, dispersion factor and 

water holding capacity are quoted by the reference numbers (29), (24), (19), (20). 
Exchangeable calcium was determined by Hissink’s method (13), Ammoniacal and 
nitrate nitrogen by Olsen’s method modified by Richardson (Piper 1942 p. 208) 
total nitrogen by Kjeldahl salicylic acid reduction method, organic carbon by the 
method of Robinson, Mcleari and Williams (23), and available phosphate by Dyer’s 
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Design of experiment 

Randomised block layout* 

Number of treatments : 8. 

Number of replications : 4. 

Number of plots : 32* 

Area and size of the plot l/60th of an acre, (33' X 22 ')- 
Rate of amendments per acre ; 

Organic matter 10 tons ; 100 lbs as bone meal. 


ANALYSIS OF THE SOILS UNDER FIELD TRIALS 


Total analysis of the soil. 


Mechanical composition of soil. 

Moisture 

2.1555% 

Coarse sand 

- 20.00 % 

Loss on ignition - 

4.6051 % 

Fine sand 

- 27.60 % 

Acid insoluble - 

70.3900 % 

Silt 

- 27.20 % 

RaOs 

13.3600 % 

Clay 

~ 17.25 % 

Fe |^03 ^ 

5.5715 % 

Moisture 

2.15% 

CaO 

1.8744 % 

Loss due to solution 

- 5.70% 

MgO , — 

1.1670% 




KaO 

1.3644 % 



Na^O 

2.0826 % 



PaOo 

0.1334 % 



Carbon 

0,3920 % 



Total nitrogen 

0.1020 X 




TABLE 1 



Analytical results of organic materials utilized 


Composition 

Cane leaf 

Molasses 

Press liiud 

Carbon % 

35.5434 

23.2100 

26.5000 

Total nitrogen % 

1.4080 

0.4111 

3.3860 

Moisture 

8.0187 

22.2756 

4.9000 

Loss on ignition % 

81.2000 

65.5510 

60.1400 

Acid insoluble % 

7.9016 

0.2243 

13.2500 

Sesquioxide % 

1.1694 

0il424 

8.6000 

GaO % 

0.9823 

1.5652 

6.8880 

MgO % 

0.1426 

0.7485 

0.4528 

KaO 

0.5432 

4.4804 

0.1155 

I'aOs % 

0.3405 

0.1355 

3.0880 

Ash % 

10.7420 

11.8213 • 

34.9600 

Sp. gr. % 

- 

1.4283 

— 
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Water soluble anions and cations in m.e./litre of saturation extracts 
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Changes taking glace in Soil reaction (Saturation extracts) fertility status and physical properties 

of the Soil under field trials 
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t W. H. G. (Water Holding Capacity), 
tt Permeability. 



Fluctuation in the quantities of NH^-N and NOa^N during the growth period of paddy 
ai d barley in the soil under field trials (mg/lOfi g soil) 
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TABLE No. 5 


Yield of paddy grain in Kgm/acre 



Treatments 


BLOG 

K S 


Total 



1 

2 

3 

4 


1, 

Control 

153.75 

7.50 

7.50 

15.00 . 

183.75 

2. 

Bone meal 

120.00 

11.25 

5.62 

30.00 

166.87 

3. 

Molasses 

157.50 

120.00 

90.00 

157.50 

525.00 

4. 

Molasses + Bone meal 

318.76 

153.75 

352.50 

270.00 

1095.00 

5. 

Press-mud 

405.00 

311.25 

517.00 

247.50 

1480.75 

6. 

Press mi, id 4- Bone meal 

517.75 

630.00 

543.75 

315.00 

2006.50 

7. 

Cane leaf 

153.75 

41.25 

45.00 

35.00 

275.00 

8. 

Cane leaf -{-* Bone meal 

165.00 

146.25 

97.50 

45.00 

453.75 


Total 

1991.50 

1421.25 

1658.87 

1115.00 6186.72 

Grand total 




TABLE No. 6 





Analysis of variance of yield of paddy grains 


Soutces of variance D, 

F. S. 

S. M.S. F, 

F.- 

Level of 
significance 






1% 5% 

Blocks ••• 3 

51566.4666 17188.8222 



Treatments *.» 7 

Error -•» 21 

813038,2991 116148,3470 47.54 

51306.3592 2443.1571 

3.65 2.49 

Very highly 
significant. 


Total ... 31 

915910.1149 







TABLE No. 7 





Yield of paddy straw in 

Kgm/acre 




Treatments 


BLOCKS 


Total 


1 

2 

3 

4 

L 

Control 

255.00 

22.50 

15.00 

60,00 

352,50 

2* 

Bone meal 

210.00 

18.75 

26.25 

112.50 

367.50 

3, 

Molasses •*. 

307.50 

435.00 

300.00 

540.00 

1582.50 

4, 

Molasses 4 Bone meal ... 

727.50 

540,00 

1016.25 

900.00 

3183.75 

5. 

Press mud 

885.00 

900.00 

1211.25 

900.00 

3896.25 

6* 

Press mud 4 Bone meal 

1320.00 

1440.00 

1485.00 

1020.00 

5265.00 

7* 

Cane leaf ... 

270.00 

127.50 

90.25 

90.00 

. 577.75 

8* 

Cane leaf 4 Bone meal... 

285.00 

405.00 

330.00 

86.25 

1106.25 


Total 

4260.00 

3888,75 

4474.00 

3708.75 • 

16331.50 , 
Grand 
total 


( 5M 



Table No. e 


Analysis of variance of yield of paddy straw 


Sources of variance D. F, 


S, S. M. S. 

F* 

F. 

1% 5% 

.Level of 
significance 

Blocks 3 

Treatments 7 

Error ... 21 

44628.7578 ’ 14876.2526 

6004058.2422 857722.6060 

440878.6172 20994.2198 

42.2B 

3.65 2.49 

Very highly 
significant. 


Total 31 

6489565.6172 







TABLE No, 9, 


1 



Yield of barley grains in Kgm./acrc 






BLOCK 

s 




Treatments — « 





Total 



A 

B 

G 

D 

1. 

Control 

90.00 

90*00 

120.00 

75.00 

375.00 

2* 

Bone meal ,,, 

112.50 

90.00 

150.00 

90.00 

442.00 

3. 

Molasses 

195.00 

210.00 

225.00 

240.00 

870.00 

4* 

Molasses 4*Bonc meal / 

240.00 

270.00 

270.00 

390.00 

1170.00 

5* 

Press mud 

360.00 

270.00 

195.00 

240.00 

1065.00 

6. 

Press mud + Bone meal 

390.00 

525.00 

240.00 

375*00 

1530.00 

7* 

Cane leaf 

165.00 

135.00 

150.00 

135,00 

585.00 

8 * 

Cane leaf + Bone meal 

180.00 

195^00 

210,00 

195.00 

780.00 

— 


1732.50 

1785,00 1560.00 

1740.^^’^'” 

6817.50 


TABLE No. 10 

A^sis of variance of yield data of Barley grains 


Sources of variance D. F. S S \yr q c Eicpected value 

M. b. b. F. of F ai: , 


1 % 5 % 


Blocks 

Treatments 

Error 

Total 

3 

7 

21 

3675.5862 

269548.2425 

70560.3513 

1225.1954 

38506.8917 11,16** 3,66 

3360.0170 

/U 

2.49 

••• 31 

343784.1800 




** Highly significant* 


f ?*;J 


“TABLI; No. ti 


Vicld of Barley straw in Kgm/acr6 



Treatments 



BLOG 

K S 


Total 



A 

B 

G 

D 


1. 

Control 

... 

150.00 

180.00 

150.00 

105.00 

585.00 

2. 

Bone meal 

»«« 

202.50 

195.00 

210.00 

120.00 

727.50 

3. 

Molasses 

• •i 

255.00 

210.00 

255.00 

360.00 

1080.00 

4. 

Molasses + Bone meal 

258.75 

300.00 

270.00 

540.00 

1368.75 

5. 

Press mud 

• •• 

420.00 

240.00 

247.50 

240.00 

1147.50 

6* 

Press mud + Bone 

meal 

435.00 

480.00 

300.00 

375.00 

1590.00 

7* 

Cane leaf 


180.00 

225.00 

150.00 

165.00 

720.C0 

8. 

Cane leaf +• Bone 

meal 

225.00 

255.00 

225.00 

225.00 

930.00 


Total 

... 

2126.25 

2085.00 

1607.50 

2130.00 

8148.75 





TABLE No. 

12 




Analysis of variance of yield data of barley straw 


Sources of variance 

D.F. 


S. S. 

M. S. S. 

F. 

Expected value 
ofF at 


1 % 5 % 


Blocks 


3 

8948.5840 

2982.8613 


Treatments 

««* 

, 7 

209812.0605 

29973.1515 5.72** 

3.65 2.49 

Error 


21 

. 110086.9630 

5242.2363 


Total 

— 

31 

328847.6075 




RESULTS AND DISCUSSION 

The changes that took place in the soil solution, soil reaction, physical pro- 
perties and the fertility status of the soil under field experiment during the growing 
season of Paddy and Barley are recorded in tables Nos. 2 and 3. These results in- 
dicate that the soil under field trials is highly saline and appreciably aUcalinc. 
Values obtained for total soluble anions and cations and electrical conductivity are 
very high. Amongst the cations sodium ions are dominating, while sulphate and 
chloride ions are dominating anions. Bicarbonate ions arc present in small quantity 
while carbonate ions are practically absent. This is to be expected as the pH 
of the soil did not exceed 8. 

Analysis of the soil samples taken after 45 days pf treatments i..e just before 
transplating of Paddy, soil samples taken after the harvesting of Paddy and Barley 
crops show that there is marked decrease in the soluble cations and anions, elec- 
trical conductivity and pH values. • In general the organic matter mixed with 


** Very highly signiOcant. 
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meal) is more eflicient in. removing the sails and lowering the pM 
ana the electrical conductivity values. The ejffect of different treatment in lowering 
these values is of the following order. 

Press and -f Bone meal > Molasses + Bone meal > Press mud > 

Molasses > Cane leaf + Bone meal > Cane leaf > Bone meal > Control. 

These results also indicate that in porous soils leaching is effective in removing 
the salts to a limited extent and becomes ineffective in removing the salts adsorbed 
on the exchange complex of the soil. Decrease in the pH value and lowering of 
salt concentration may be attributed to the fact that during the oxidation of 
organic naatter, carbonic acid and certain other acids are liberated and they 
acid m lowering the pH value, soil is flocculated and thus leaching is en- 


1.065 


lAxcc between total soluble cations and the electrical conductivity 

correlated. Correlation coefficient was calculated between the 
ga iinm 01 total soluble cations and the logarithm of electrical conductivity 
be r == 0.8156, which is highly significant at 0.1 % level of signi- 

the increase or decrease in the value 
electrical conductivity increase or decrease in the respective values of the 

Samples have been 

propWbTGampbeilTal(§“®‘*^^"^^"'^ equation, 

T. S. C. (total soluble cation) in millicquivalcnt per litre =■ 10.37 (E.G. X 10®) 

observed values closely approximate each other, Baneriee 

(3) observed a significant correlation between log of T. S. G, and log of elSal 

conductivity m the sak infected soils of West Bengal (India). Firemfn and Ree?c 
Slltnf .‘'^^J^cteristics of saline and alkali soils m the U. S. A., rerarted 

total nitrogen, available phosphate intervab for organic carbon, 

dispersion factor and permeability ’are recorded \n 'table capacity, 

dcrable increase in the amount ^ ^ consi- 

geable calcium on treatment and 

order, 

Press mud + Bone meal > Press mud > Molasses + Bone meal > 

Molasses > Cane leaf + Bone meal > Cane leaf > Bone meal > Control. 

(26)e7"tel?Sgr“(4foW^^ and Nijhawan 

|dCp™Tat’^ 

JgP^of organic n.a„n„, aid. 
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The results also indicate an increase in the water holding capacity and pcir- 
meability and decrease in dispersion factor by the application of these amendments 
as the effect of Na ions on the soil colloids is restored to normal canditions by 
Ga ions. 

The results shown in table No. 4 indicate that during the early growth period 
in the third week after the transplantation of Paddy, the amount of ammoniacal 
nitrogen was greater than that of nitrate nitrogen, while reverse was noted in the 
later stiges i.e after the harvesting of Paddy and Barley. The ab )ve observations 
indicate that Paddy crop is able to utilise ammoniacal form of nitrogen and the 
presence of greater amount of - N may be attributed to the fact that under 
water logged condition in soil, the reduction process may dominate the oxidation 
process, thus the formation of NOg — N is slowed down. Dastur and Malkani (7) 
have shown that the absorption of ammonia by rice plants is greater in the early 
stages and then it becomes slower while the absorption of NO3 ions becomes greater 
as the plant ages. Arrhenius (1) Ellis and Morrison (11) observed more ammonia 
in acidic condition and more nitrate under alkaline condition in soils. Russell (21) 
observed more NH^ - N in manured soils as compared to unmanured ones. 
Subramanayan (28) found an increase in the ammonia content in water logged 
soils. Dhar and Mukerji (8) Dhar and Gopala Rao {9} made a systematic study 
on the process of ammonification and nitrification and established that these pro- 
cesses may be purely photochemical and surface reactions.. Mirchandani (17) 
observed definite improvement in the nitrogen content by adding molasses and sugar 
cane trash compost to soil. 

The yield data of Paddy grains and straw arc given in table Nos. 5 and 7 
respectively. The average yield of Paddy grains and straw in each block for each 
treatment show to bear a definite ratio and this ratio comes to 1 : 2 in general. 
The eifficiency of different treatments in increasing the yield of paddy grains and 
straw is as follows 

Press mud + Bone meal > Press mud > Molasses + Bone meal > 

Molasses > Cane leaf -f Bone meal > Cane leaf > Bone meal > Control, 

Analysis of variance of yield of Paddy grains and straw is given in table 
Nos. 6 and 8. The results show that the calculated F values for grains and straw 
are very highly significant at I % and 5 % level of significance and that there is 
significant difference between the yields in different treatments. 

The yield data of barley grains and straw are recorded in tables Nos. 9 and 
11. In this case the ratio of grains and straw is 1 : 1 and the order of efficiency of 
different treatments in increasing the yield of grains and straw is the same as noted 
in the case of paddy crop. Analysis of variance of yield of barley grains and straw 
is shown in table Nos. 10 and 12. The calculated F values obtained for both 
grain and straw are highly significant at 1 % as well as 5 % level of significance for 
different treatments. 

These results of yield data obtained in the present investigations show that 
in the process of reclamation of saline and alkaline land, growing of Paddy crop 
followed by Barley is very effective. Henderson (14) Mann and Tamhne and^ (16) 
Puri (J 8) observed that growing of Paddy and Barley crops is profitable in reclaimed 
soils. 

From the foregoing observations it appears that saline and alkaline land 
can be reclaimed successfully by the application of organic substances mixed with 
phosphates. 
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STUDY OF THE PRODUCFS FORMED BY THE OXIDATION OF 
MERCUROUS NITRATE BY POTASSIUM PERSULPHATE 


By 
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Chmical Laboratories^ T/u D. S, B, Government College, Nani Tal 
[Received on 7th April, 1962] 


ABSTRACT 

The nature of the reaction product precipitating out during the oxidation of mercurous nitrate 
by potassium persulphate in nitric acid mediuna has been investigated. At low concentration of 
nitric acid, the final product separating out Is lemon yellow in colour and is basic mercuric sulphate, 
HgSO^,. 2HgO. On increasiog the concentration of Hgg (NOa)^, the lemon yellow precipitate becomes 
contaminated with white Hg^SO^. due to the precipitation of Hg 3 ++ by formed by the reduction of 
KoSgOg. The initial product formed is white HgSO^ which changes to a lemon yellow basic salt HgSOi. 
2HgO on standing in aqueous solution. At high concentration (0.96N) of nitric acid, the precipitate 
is white and is Hgg SO 4 , the mercuric sulphate being soluble at this concentration of nitric acid. The 
above conclusions have been confirmed by qualitative and quantitative analysis of the diflferent 
precipitates. 

During the kinetic study of oxidation of mercurous ion by persulphate ion, 
it was observed by us that under certain conditions, a precipitate separated out 
during the course of reaction, and further that the physical state of the precipitate 
was different under different conditions. The present study was undertaken with 
a view to determine the conditions under which precipitate formation takes place 
and to investigate the physical and chemical properties of these precipitates. 

It may be pointed out that a reference to literature shows that no study has 
been made of the oxidation of mercurous ion by persulphate ion. However, the 
oxidation of metallic mercury into yellow mercuric oxide or basic mercuric 
sulphate has been reported by Levi, Migliorini and ErColini (1). The formation of 
the oxysalt HgSO^. 2HgO by the oxidation of metallic mercury by sodium persul- 
phate is also shown by Montignie (2). 

EXPERIxMENTAL * 

Mercurous nitrate and potassium persulphate of G. R., E. Merck quality and 
nitric acid, A. R., B. G. P. W. quality have been used throughout the course of the 
work. All other reagents used were also of A. R. quality. For studies on 
precipitate formation by the oxidation of mercurous ion, a definite volume of 
potassium persulphate was taken in glass stoppered pyrex conical flask, to this a 
known concentration of concentrated nitric acid and the required weight of solid 
meremous nitrate was added, and the solution was shaken to dissolve the mercurous 
nitrate. The flask was then allowed to stand' for precipitate formation during 
oxidation. During the course of the present investigation, it was found that 
precipitation is quicker when the temperature was about 60- 70*^0. Hence, dn the 
later work for the preparation of oxidation products for chemical analysis, the 
precipitation was carried out by keeping the flasks at 60-70^0, 

The precipitates in different experiments were filtered through buchner funnel 
and washed with boiling water in preliminary experiments. It was found that 
4ufin|f washing with hot water, some of the particles change to grey colour in the 
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tase of yellow precipitates while in the case Of white precipitates the whole of 
the 'precipitate changes to dirty green colour. Hence, in later work the yellow 
precipitate was first washed with warm water containing few drops of nitric 
acid and finally with warm water alone till free from mercurous ions. The 
white precipitate was first washed with warm water containing few drops of 
dilute sulphuric acid to remove mercurous ion and followed by one or two 
washings with water alone. The above methods of washing were adopted in 
order to prevent the change in colour of the precipitate. It may be mentioned 
that it has been reported by Gouy (3) that the change of mercurous sulphate 
into basic salt by the action of water is prevented if water contains 0.08 gm. of 
sulphuric acid per liter. 

The precipitates after proper washing were dried in the oven first at 60”G and 
then at 140°G, It was found that there was no change in the weight of the precipitate 
after heating at 1 40°C. showing thaf the precipitate does not contain any water of 
crystallisation. Therefore, in the present investigation, the precipitates were 
; alyriiys dried in an oven at about to constant weight. 

. ^ Qualitative tests for the different constituents present in the precipitate were 
.carried out by dissolving the precipitate in minimum concentration of nitric acid in 
the following manner 

(i) Mercurous ion was tested with NaCl solution. 

(ii) Mercurous ion was precipitated completely with NaCl solution and 

. _ removed by centrifuging and the centrifuged liquid was tested for the 

presence of mercuric ions with the help of H^S and SnCla- Spot test 
for mercuric ion with cobalt acetate solution was also carried out 

' (iii) The presence of sulphate ion was detected with the help of BaClj 

I . solution in the centrifuged liquid. The test for sulphate ion was also 

carried out with BaCNOa)^ solution and sodium rhodizonate solution 
in the original liquid. 

• Quantitative estimation of mercurous ion was carried out gravimetrically by 
precipitation with NaCl solution as recommended by Schmidt (4). For the 
estimation of mercuric ion, first the solution in dilute nitric acid was takeh and 
mercurous ion was removed by precipitation with NaCl solution, centrifuging and 
then mercuric ion precipitated as mercuric sulphide with HjS. The precipitate 
was washed successively with small amounts of carbon disulphide, alcohol and ether 
to remove any sulphur formed. Mercuric ion was also estimated by shaking the 
precipitate with 50% HGl to dissolve the mercuric salt alone, diluting with water 
and centrifuging the solution to remove mercurous, and then precipitating mercuric 
in the centrifuged liquid with HjS. The amount of sulphate present in the precipitate 
was estimated by taking the solution in nitric acid and precipitating sulphate 
as BaSOi with BaCNOglj solution. It was also estimated by precipitation 
.with BaClj solution in the centrifuged liquid when the precipitate was shaken 
with fifty percent HGl (free of mercurous ion). Since the results obtained by 
the use of -sintered crucibles Were found to be high, the final estimations were 
carried out in silica crucibles. 

QUALITATIVE OBSERVATIONS 

Preliminary experiments showed that the oxidation product of mercurous 
pitrate with potassium persulphate does not precipitate out at very low 
concentration of the reactants and at high concentration of nitric acid. Hence, in 
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the first series of experiments the conditions under which the oxidation products 
precipitate out were determined. The observations in this series of experiments are 
summarised below. 

TABLE 1 


Effect of reactants and nitric acid concentration. 


Expt. 

No. 

Overall 
cone, of 

Overall 
cone, of 
Hga(NO,), 

Overall 
cone, of 
HNOa 

Observations. 

1. 

0.01 N 

0.01 N 

0.8 N 

No formation of ppt. even on keeping 
for three days at room temperature 

2. 

O.Ol N 

0.01 N 

0.48 N 

Very small amount of lemon yellow 
crystalline ppt. on standing. 

3. 

0.1 N 

0.1 N 

0.8 N 

No formation of ppt. 

4. 

0.1 N 

0.1 N 

0.48 N 

Very small amount of dirty white ppt. 

5. 

0.5 N 

0.525 N 

0.16 N 

Large amount of white needle shaped 
ppt. formation next day, changing to 
yellow on standing. 

6. 

if' 


0.32 N 

Heavy precipitation of white coloured 
ppt. next day, changing to yellow on 
standing. 

7. 

it 

99 

0.40 N 

99 i9 Jif 

8. 

99 

99 

0.8 N 

White crystalline ppt. next day, changing 
to dirty white on standing. 

9, 

99 

99 

1.6 N 

tRound shaped white crystalline ppt, 
after 24 hours. 

10. 

99 

99 

4.8 N 

Practically no ppt. formation after 

standing for 72 hours. 


From the above experiments it is seen that at very low concentration (0.01 N) 
of the reactants and ^t moderately high concentration of nitric acid (0.8 N), the 
precipitate forrtratibh of the oxidation product docs not take place. Further, it is seen 
that slight precipitate formation docs take place in dilute solutions of the reactants 
when the concentration of nitric acid is low. The increase in concentration of 
nitric acid in the case of moderately high concentration of the reactants (0.5 N) not 
only brings about a change in the amount of the precipitate separatihg out, but also 
in the physical state of the oxidation product formed. Thus, in the ease of white 
precipitate the Size of the particles increases with an increase in the concentration 
ofHNO^. 

in thb next servies of experiments, the effect of variation in the concentration 
of the teactanfs, parlicularly that of mercurous nitrate at constant nitric acid 
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concentration was studied. In the first set, the concentration of HNO^ was kept 
constant at 0.16 N and that of potassium persulphate at 0.5 N while the concen- 
tration of mercurous nitrate was varied from 0.13 N to 0.5 N in six experiments. 
It was found that in each case the final colour of the precipitate formed was yellow. 
Further, as the concentration of mercurous is increased, the amount of the 
precipitate formed also increases. In the next set, the concentration of HNO^j was 
increased to about 1 N and the concentration of mercurous nitrate was varied from 
0.18 N to 0.5 N at 0.5 N potassium persulphate concentration. In this case, it was 
found that the final colour of the precipitate formed was always white. Here 
also, the amount of precipitate increases with an increase in mercurous nitrate 
concentration. 

CHEMICAL ANALYSIS OF THE PRODUCTS 

As indicated in the experimental part, the presence of mercurous, mercuric and 
sulphate in the yellow and the white products was carried out by conventional 
methods and the following results were obtained. 

TABLE 2 

KaSaOa--0.5 N 


Expt. HgaCNOg)^ HNO3 cone. Radicals present 

No. cone, taken used 


Yellow ptoduct 




1. 

0.13 N 

0,16 N 

Hg++, SO/ 

2. 

0.18 N 


Hg++,. SO/, negUble amount 
oi mercurous. 

3. 4, 5, 

&6 

0.26, 0.36, 0.435, 
0.5 N 

3 $ 

Hg++. Hga++ SO/' 

White product 

1 

• 


7. 

0.18 N 

0.96 N 

Hga++. SO/' 

8. 9, 10, 

0,26, 0.36, 0.5 N 

51 

Hg++ Hgi,++, SO/' 

& 11 

0.435 N 

ft 

SO/ (directly kept in 
oven at 60 - 70“G.). 


The oxidation of mercurous nitrate with potassium persulphate in experiments 
no. 7, 8, 9 and 10 were earned out by keeping the mixture, of .the two solution at 
room temperature overnight, while in experiment no. 11 it was carried out bv 
keeping the mixture of solutions at 60-70®G. for about three hours. It was observed 

intis'" 8-lOis not appreciably soluble even in 
10 .15^ of UNOg and therefore the solution for chemical analysis had tn 
prepared in hot 50-60^ HNO* while the precipitates in experiments 7 and 1 1 ape 


I ^2 } 


soluble in 10-15 HNOg in cold. Hence, the presence of mercuric in the white 
product in experiments 8, 9, and 10 is possibly due to the oxidation of mercurous by 
concentrated nitric acid during the process of dissolution. 

Further, it is seen that in the case of yellow product, there is no mercurous 
piesent in the precipitate when the concentration of mercurous nitrate taken in 
0.13 N but on increasing its concentration, mercurous starts appearing at 0,18 N 
concentration of mercurous nitrate and the amount of mercurous present in the 
precipitate increases with further increase of mercurous nitrate. 

QUANTITATIVE ANALYSIS 

The lemon yellow as well as the white precipitates obtained were quantitatively 
analysed for mercurous mercury, mercuric mercury and sulphates present, by methods 
already mentioned in the experimental details. The results are summarised in 
Table 3 : 

TABLE 3 


Results of quantitative analysis of dried precipitates. 


Precipitate 

Estimated 

Probable formula 

%Hg 

%so, 

Exptal Theory 

Exptal Theory 

(a) Lemon 
yellow 
Table 2, 
Expt, 1 

Hg (ic) as 

HgS and 
as BaSO^ 

HgSO* . 2HgO 

! 

82.3 

! 82.5 

1 

13.13 

13.16 

(b) White 
Table 2, 
Expt. 11 

Hg (ous) as 
HgaGlv^ and 
SO^as BaSO^ 

Hg,S 04 

80.0 

1 

80.3 

19.6* 

19.3 

(c) Lemon ^ 

yellow 
Table 2, 
Expt. 5 

Hg (ous) as 
Hg^Cla and 
Hg (ic) as 
HgS and SO^ 
as BaSO^ 

Mixt. of HgaSO. 
and HgSO. 
2HgO 

1 

%HgjS 04 “Xof Estimated 

(Exptal) HgS 04 . 2 Hg 0 Total 

3.3 (Exptal) ^ 

96.1 99.4 


From the above results it is evident that the lemon yellow precipitate (a) has 
the composition HgS 04 . 2 Hg 0 , while (c) is a mixture of HgaSp* and Hi^ 04 . 2 Hg 0 
the ratio of which was found to vary in different experiments. The white 
precipitate (b) appears to be HgjSO^. 

CONCLUSION 

From the above observations it is concluded that two compounds probably 
precipitate out when a solution of mercurous nitrate in HNO, and are mixed 


^ 2% result? may be due to barium nitrate present in soln. 
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together and allowed to stand. At low coaccatrations of HNOg and low concen- 
tratioa of Hg^CNO,,)^ the substance precipitating out is a basic mercuric salt, 
probably of the formula HgS04.2Hg0, The above conclusion is borne out by the 
physical nature of the precipitate (lemon yellow colour) cf, the observations of 
Ray on HgS04.2H[g0 ( 5 )] and the effect of heat [cf, the observations of 
Watson ; (6) ; Houston ( 7 ) ; Hildebrandt (8) and Ray on HgSOi. 2 HgO], Further, it 
may be mentioned that the precipitate formed is always white in the beginning 
which changes to yellow on standing in aqueous medium. This suggests that on 
oxidation, first mercuric sulphate is formed according to the over all reaction 
K^St0gbHg^(N03)a=2HgS04*f 2KNO^^ which changes into the lemon yellow 
basic salt on contact with water [r/. observations of Phillips on HgSO^j ( 9 j]. At 
low concentrations of HNO3 and higher concentrations of Hgjj the precipi- 

tate iK probably a mixture of HgjjjSO^ and HgSO^. 2HgO. In both of these cases the 
product is lemon yellow in colour. The fact that some particles change into 
dirty green colour on washing with boiling water suggest that this is due to the 
presence of small amounts of Hgj^SO^ as confirmed by quantitative analysis* 
However, at higher concentrations of HNOg the product separating out is white 
and is Hg.^SO^, the mercuric salt formed on oxidation being probably soluble injhe 
high concentration of HNOg employed. This conclusion is corraborated by the 
physical nature, the effect of washing and light [cf, the observations of Gouy 
(loe* iii) and of Hada (10)] and the effect of heat [«/* the observations of Gay Lxissac 
on Hgi^SO^ (1 1)] on the white product, 
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SOME MIXED ORtHOFORMIG ESTERS: REACTIONS OF ETHYL 
ORTHOFORMAIE WITH TERTIARY BUTYL ALCOHOL 

By 

R. P. NARAIN and R. G. MEHROIRA* 

Chemical Laboratories^ University of Gorakhpur^ Gorakhpur 
[Received on llth July, 1962] 

' ABSTRACT 

The mixed orthoformic esters of tertiary butyl alcohol have been prepared by alcoHol iutei change 
technique using a mixture of anhydrous aluminium chloride and anhydrous zinc chloride as catalysts* 
The compounds prepared are tertiary^ butyl diethyl orthoformatc and ditertiary butyl ethyl orthoformatc. 

The orthoformic^ esters are chemically unique materials, closely resembling 
acetals, stable to alkali but unstable to aqueous acids and their various reactions 
have proved to be a powerful tool in synthetic organic chemistry, because they are 
important in the synthesis of vitamin B complect, antimalarials, special polymers 
and are extensively used in the field of cancer research. 

In view of above, reactions of alkyl orthoformates in organic synthesis have 
attracted considerable attention recently and various orthoformic esters have been 
prepared. Alexander and Busefi^ prepared^ several high-boiling orthoformates 
starting from ethyl orthoformate using alcohol interchange technique. 

These Workers also attempted the preparation of isopropyl and tertiary butyl 
orthoformates by the trans-esterification of ethyl orthoformate, but in each case the 
interchange did not occur. Later Roberts ct al* however succeeded in preparing 
isopropyl orthoformate starting from ^ methyl orthoformatc and reported that 
interchange was quite alow. The addition of a small amount of concentrated 
sulphuric acid markedly increased the rate of removal of methyl alcohol and 
obtained isopropyl orthoformate in 75 % yield. They also emphasised the advantages 
of the use of acid catalysis in the trans-esterification of ethyl alcohol by all primary 
and low-boiling secondary alcohols.^ But they failed to effect the interchange 
between methyl orthoformate and tertiary butyl alcohol using acid catalysis. The 
acid employed first dehydrated the tertiary alcohol and later hydrolysed the 
ortboester. In the absence of acid catalysis no reaction occurred by beating the 
reactants even to 48 hours or longer. However by the use of small amounts of 
metallic sodium, there was no dehydration, but the alcohol was liberated very 
slowly. For reaction with high-boiling secondary alcohols, they recommended the 
use of acid catalysis with simultaneous removal of the alcohol. 

Thus it appears that the reaction between alkyl orthoformate and tertiary 
butyl alcohol has not been successful so far and even mixed tertiary ortho-esters 
have not been reported. 

Attempts were made to bring about the trans-esterification between 
HG(0G||H6)3 and (CH8)3GOH in boiling benzene and fractionating out the benzene- 
ethanol azeotrope continuously, over long periods, as it was formed. It was found 


^ Addmsi University of Rajasthan, Jaipur. 
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t)iat simply by refluxing the above two in benstene undier a colamn> or by refluxing 
in presence of a little metallic sodium apd then removing the benzene-alcohol 
azeotrope gave negative results for ethanol in the azeotrope showing that the 
metallic sodium did not catalyse the reaction and no ethanol was formed in the 
reaction. Thus these observations seem to confirm the results of earlier inves- 
tigators. However, tfie reaction possible when it is catalysed by a mixture of a 
little anhydrous AlGl^j and ZnCl^. Afterwards distillation of the compound 
under reduced pressure gave tertiary, butyl diethyl orthoformatc and ditertiary 
butyl ethyl orthoformate. The third ethoxy group could not be replaced by tertiary 
butoxy. ^ It was, however, noted that if instead of taking a mixture of the above 
two solid catalysts, when only anhydrous AIGI 3 was used, the ethanol liberated in 
the azeotrope was less than the theoretical amount required for replacement* Thus 
the presence of anhydrous ZnGljj was found to be always helpful in these interchange 
rpactipos, 

Eurther, in or 4 ^re to. confirm that no dehydration of the alcohol was. taking 
place which might give rise to butylenes and which might have reduced the 
chromic acid used in the estimation of azeotrope, a blank experiment was done in 
indentical conditions using only (GH 3 ) 3 aOH and G^H. and refluxing with a. mixture 
of anhydrous A 1 G 18 and ZnGl^ and fractionating out the azeotrope over long periods, 
showed no reduction of chromic acid in the azeotrope, thereby confirmingi that no 
butylene was coming in the azeotrope. 

The formation of tert. butyl diethyl orthoformatc and di tert. butyl ethyl 
orthoformate shows that as the ethoxy groups are successively replaced by. tertiary 
butoxy, the latter goes on shielding the molecule so much so thait they render; the 
third ethoxy group incapable of displacement and so tertiary butyl orthoformatc 
does not appear to be possible by the alcohol interchange technique. 


EXPERIMENTAL 

Apparatus ; All glass apparatus with interchangeable joints was used through- 
out and-special precautions were, taken, to exclude inoisture. fractionations ; were 
carried ouedn a column packed] with Raschig rings and fitted to a total condensation 
variable take-ofif stillhead. 

MtAttiaU : 

Ethyl! orikoformate ; was prepared, by. Williamson’s method and redistilled 
before UsCi The fraction taken was between 145-l4fi®G. 

Tertiary- butyl aleokol : was dried over metaUic sodium and freshly distilled., 

Benzene : was dried by storage over sodium wire and finally dried azeotropic- 
=sdly- with alcohol over a long column. 

Analytical Method-. The ethoxy content was estimated by the method 
described by Bradley, Halim and Wardlaw®. A little weighed substance was taken 
in a special small bottle to which was added a measured amount (excess) of standard 
chromic acid and after allowing to stand for about two hours at the room tempera- 
ture, the unused chromic acid was titrated iodometrically. 

(a) Reaction between HC ond (GH-^^COH in dry benzene (Molar ratiol:4'4), 
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To etliyl ortboformate (4'90 g,) was added dry tertiary biitanol (ID’Q? g.) and 
benzene (68*32 g.)- After refluKing the mixture at about 12®C for about two. hours, 
it was carefully fractionated out into two parts. The first fraction (28’02 g,) Was 
golleiited upto 73^0 while the second (50*0 g.) was collected between ’:73 and ’80°G, 
‘Analysis bl both the fractions showed no ethanol. 

The liquid remaining in the flask was distilled out, when a colourless liquid 
(4*0 g.) was obtained at about 145®G which had ethoxy 91*20% (Gale, for HG 
(OC|Hb )8 ; ethoxy 91*21%). 


(b) Reaction between HC(0C.^HQ)2i and (GHs)qG 0H in benzene in presence of a little 
metallic sodium {Molar ratio 1 i 6^9). 


To ethyl orthoformate (4*23 g.) was added dry tertiary butanol (14*4 g) and 
benzene (50-0 g.) and then a small piece of dry metallic sodium (O’ 3 g.). Alter 
refluxing the contents for 2 hours at llS^O, about 9-9 g. was fractionated out at 
VS-S" and about 50 g. between 74 and SO^G, both collected in course of about 8 
hours. Analyses of both these showed no ethanol. 


(c) Reaction between HC{0Cf^Hs)i and {CH 3 )fiOa in benZene in presence of a litlU 
anhydrous AlCl^ and a little anhydrous Z^Gl^, {Molar ratio 1:4*6)* 


To ethyl orthoformate (18'61 g.) was added dry tertiary butanol (42^0 g.) and 
benzene (60.0 g.) To the mixture was then added anhydrous AIGI3 (0-5 g.) and 
anhydrous ZnCla (0'2 g) After refluxing the whole for 10 hours (bath temp. 115-120 } 
about 81*5 g. of the azeotrope was fractionated out at 72®G (bath temp. 115 IbL) ) 
in course of about 2 days. 


Total ethanol in the azeotrope «“ 4*44 g. 

Theoretical ethanol required for one interchange =5*77 g. The liquid 
remaining (34*0 g.) after removal of the azeotrope was treated with a little dry 
benzene (about 10 c. c.) and quickly filtered through the pump. Then it was 
subiected to reduced pressure distillation when a colouress liquid (8*0 g.) w^ 
obtained at 57 - 59®/13 — 14 m,m. (Found J GjHgO, 51’02j51.00 ; Gale, for (CjHsO)! 
GH(OG*Hn‘), CaHsO 51*13%) 

(d) To ethyl orthoformate (15*38 g., 1 mol) was added dry tert. butanol (37 04 g., 
4*8irnoles) and benzene (55*0 g.). To this mixture was tben added anhydrous AIGI, 
(0*3 g.) and anhydrous ZuGla (0*2 g.). After refluxing the whole for about 18 hours 
(bath temp. 115- 120®), about 3 g. of an azeotrope was fractionated out between 
66—67*5® and then 73*72 g. between 67*5 - 72°; in course of about 2^ days. Frac- 
tionation was stopped a little before completion. 

Total ethanol from both azeotropesss7*937 g. 

Theoretical ethanol required for two interchanges 9*56 g. 

Thf linuid remaining (25 g.) after removal of the azeotrope was quickly 
filtered 5h o?gh the pLp U washed with about lOc.c. dry benzene. After 

““oval of benome at fbc pomp, whto , educed prMJUre ‘‘“‘X°°(Foood“c H O 
a colourless liquid (7*0 g.) was o^btained at 33^35 /fO-lS m.rn. (Found . GaHe , 
22*5,22*4 ; Gale, for (CaHeO) GH (OC4H9)a, CaHsO, 22.05 %) 
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Stank experiment using ontjf (CB3\C0[i and dry benzene under above identical 
eondiiions. Dry benzene (25*49 g.) was added to dry tert. butanol (15*51 g.), to which 
was then added anhydrous AlGl* (0'4 g.) and anhydrous ZnClg (0*2 g.). After 
refluxing the whole for about 18 hours, a colourless liquid (35*0 gm.) was frac- 
tionated out between 69’5® and 71*5°G in course of about 10 hours. This was treated 
with standard chromic acid, when no reduction took place. 
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ADSORPTION OF FLUORESCEIN ON HYDROUS MOLYBDIG OXIDE 
PART 11 : HEATS OF ADSORPTION AND ENERGIES 
OF ACTIVATION 


By 

U. V. SESHAIAH* and S. N. BANERJI 
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[ Received on 13th October, 1961 ] 


ABSTRACT 

The heats of adsorption and the energies of activation have been calculated, from the data of 
adsorption of fluorescein on hydrous molybdic oxide. Further, the irreversibility of the adsorption has 
also been studied. These results establish the fact that adsorption of fluorescein on hydrous molybdic 
oxide is a typical case of chemisorption, possibly preceded by physical adsorption. 

In a previous communication (1), it has been established that the hydrous 
molybdic oxide precipitated from a solution of ammonium molybdate with HCl 
is a good adsorbent for the acidic dye, fluorescein. Further, it has been observed 
that the amount of the dye adsorbed increases both with time and temperature. 
The results show that the adsorption of fluorescein on hydrous molybdic oxide is 
mainly a phenomenon of chemisorption, possibly preceded by physical adsorption. 
The present paper records the values of the heats of adsorption and energies of 
activation, which confirm the inferences regarding the nature of adsorption of fluo- 
rescein on hydrous molybdic oxide. 

EXPERIMENTAL 

The experimental details of preparing a fine suspension of the hydrous molyb- 
dic oxide and the study of adsorption of fluorescein are as described in a preceding 
paper (1), The results obtained at different temperatures are graphically represented 
in Fig. 1. 

*pr0sent Address ; Department of Ohemistry, Osmania University, Hyderabad, ’ ’ < 
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End concentration (in mgms.) 

Fig. L Adsorption isotherms (time of contact : 3 hrs.) 


DISCUSSION 

The adsorption isotherms are S shaped, being convex to the concentration 
axis. This has been explained (1) as due to the natoe of the dye anions in solution, 
where they exist in a highly associated^ state, i.e„ ionic micellar state. So, the 
adsorption of fluorescein is associated with the dissociation of the aggregate 
miscelles. 

Since the adsorption of fluorescein involves the dissociation of micelles into 
simpler ones, the total heat of adsorption observed should also include the heat of 
dissociation of the aggregated anions. As several dissociation processes are hicjhlv 
cndothcrmal, e.g., 

2 NO^ ^ 2 NO + 0^ — 23 Kcals ; Pleat of dissociation = — 23 Kcals, 

|t may be presurned that the heat of adsorption in the present case may shovy ^ 
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liegative value. To verify this, tke isost^fic heats of adsorption kave keen calcu* 
lated according to .the relation suggested by Ghosh and Hajela (2) 




Ingl 


(i(isosteric) 


where Cj and Cq are the end concentrations for the same amount of the dye adsorbed 
at temperatures and The values of and have been extrapolated. The 
results are given in Table L 

TABLE I 

Heats of adsorption 

Amount of the adsorbent = 0.2159 gms of MoO3/250 ml. 

Time of contact = 3 hours. 


Amount adsorbed 
xjm 

End. cone. C, at 
30°G (Jj) 

End. Cone. at 
40°G (Ta) 

Q,(30®-40O) 

Gals/mole. 

5.0 

0.508 

0.39 

-4982 

6.0 

0.630 

0.50 

-4352 

7.0 

0.712 

0.59 

-3542 

8.0 

0.760 

0.692 

-1766 

9.0 

0.810 

0.75 

-1451 


putforth. The na^turcf^of thp already 

concentration Lis ndicatL tLr rK°“. convex to J 

dissociation of the dve LlLlS ^r, vJ ? adsorption is less than the heat of 
total heats of adsorption. the negative values for the 

adsorption continuoSy'^ecreases adsorbed, the heat of 

results in the case of adsorption of SO have reported similar 

m the heat.of adsorption maTbratSbS’i^?*’ .The fall 

Taylor and Liang (4) is due to snrfarp rea^ns. Xke one considered by 

the most active^shes will be ravered ^ heterogeneous surface, 

more rapidly on them and with inrr^aofr, ^ adsorption is likely to proceed 

activity will be covered and the heat / °^^‘^®t>rption, sites of lessenikg 

decrease. The other reason mav h.> fh ^'^°>^Ption may, therefore, continuously 
with the increasSg coverage the first layer 

adsorbent. ^ formation of multimoiecular layers, on the 

Velocity of adsorption and Activation energies 

.Ion O&h Dil3“lSr^4':'3'S iS'N;S,"aSd*‘S^, 
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ektomic oxide (5) increases with time. The rate of adsorption which is fairly rapid 
in the beginning becomes slow with time and the slope ol the curve tends to 
decrease suggesting chemisorption. 

It is seen that none of the different equations, e.g., for mono-; hy 
or ter-molecular order reactions govern the kinetics of the adsorption of fluorescein 
(Table 2). 



Fig. 2. Effect of time on the adsorption of fluorescein. 

Initial amount of the dye : A = 3.0 mgms., B — 2.5 mgms., G = 2.0 mgms^ 

TABLE 2 

Kinetics of adsorption of Fluorescein 
Initial amount of the dye = 3 mgms/250 'ml. 

Amount of the adsorbent = 0.2159 gms. of M 0 O 3 / 25 O ml. 
Temperature = SO^G.. 


Time (minutes) 

I order reaction 

II order reaction 

III order reaction 

IS' 

0.0707 

0.0419 

0.0271 

30 

0.0373 

0.0224 

0.0155 

60 

0.7189 

0.0118 

0.0081 

'i ” f 120 

0.0098 

0.0062 

0.0056 

,180 

0.0065 

0.0041 

0.0029 
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^ince the rate of adprpdon is affected by temperature it is desirable to cal- 
culate the eaergy of activation so as to throw some more light on the nature of 
adsorption. Taking into account the Arrhenius theory of reaction rates, Ghosh 
et al (Zoc. cit.) have derived an equation for calculating the energy of activa- 
tion as : 


El 1 _ 1 r 1 

~ E Ty TT' “ L dt h 

where E = the energy of activation. 


In 




Using the above relation, the values of [ J and can be 

alculated from the graph, (fig. 3) between the end concentrations at different 



Time of contact (in hrs.) 

Fig. 3. Plot showing the end concentration against time of contact for 
calculating the energy of activation. 

temperatures by extrapolating the time d^ for the same difference of end concentra- 
tions at temperatures and Tg. 
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i'ABLE 3 


Energies of activation 

Amount of the adsorbent 0.2159 gms. of MoOg/250 ml. 
Time of contact = 3 hrs. 


End cone, between 

1 dc 

, dc 

‘•'s d. 

E cals/mole 

(M) 

(40OG) 

^50'’Gj 


0.73 - 0.78 

^.8539 

7.0458 

8878 

0.725 - 0.775 

^ 2.8069 

7.0458 

11060 

0.72 - 0.77 

2.ms 

7.0458 

15020 


The energy of activation is positive although its magnitude is not high as 
compared to that observed for ordinary chemical reactions. There are^ a number 
of publications on the kinetics of chemisorption. Recently, Sastri and Srinivasan (6) 
have, from their studies of adsorption of on cobalt catalysis, provided ample 
evidence for the concept of activated adsorption. 

Irreversibility of adsorption 

^ The physical adsorption and chemisorption are usually distinguished on the 
basis of the difference of their reversibility with respect to temperature and con- 
cei^ation. The removal of chemisorbed substance from the surface is usually 
difficult while the physical adsorption is reversible. 

It is clear from Table 4 that the end concentration of the supernatant dye 
after complete adsorption is double the end concentration, 50% of which is ^ diluted 
by the same volume of water and kept for desorption for three days. This shows 
that the adsorption is irreversible as no desorption takes place. Hence it may be 
inferred that the adsorption of fluorescein is a process of chemisorption and involves 
the formation of some stable adsorption complex. 

TABLE 4 . 

Irreversibility of adsorption 
Amount of the adsorbent = 0.2025 of M0O3/25O ml. 

Temperature ^ 28^G. 


Amount of the dye 
added (mgms.) 

End cone, after 

3 days 

End. cone, after 50% dilution and 
desorption for 3 days 

Theoretical 

Observed 

3.0 

0.80 

0.40' 

0.40 

2.5 

0.64 

0.32 

0.32 

, 2.0 

0.52 

0.26 

0.2,6 . 

1.5 

0.36 

0,18 

0.18 
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In view of the above observations i.^., the increase in adsorption with tem- 
perature, the positive activation energy, ^the slow. rate, of adsorption and the irrever- 
sibility of adsorption it is concluded that the adsorption of fluorescein on hydrous 
molybdic oxide is a typical case of chemisorption, possibly preceded by physical 
adsorption in the earlier stages. 

The authors are grateful to Prof. A. K. Bhattacharya, Head, Department 
of Chemistry, University of Saugar, for his keen interest in these investiga- 
tions. 
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ABSTRACT 

Three samples of hydrous molybdic oxide were obtained by precipitating ammonium 

molybdate solution with (a) 10% deficient, (b) equivalent and (c) 10% excess of HCb The a^orpUon 
studies of fluorescein on these samples reveal that the adsorptive capacities lie in the order G ^B >A. 
The results have been explained from the point of view of amphoteric nature of the oxide and a 
mechanism has been suggested to explain such a behaviour* It has been found out that Freundlich 
and Langmuir’s adsorption equations are not applicable* Further, the data show that the effect of 
electrolytes in decreasing the amount of fluoresein adsorbed lies in the order of Na 2 S 04 ^-NaCl. 

In a previous communication^ it has been shown that hydrous molybdic 
oxide is a good adsorbent for the acidic dye, fluorescein and that the adsorption 
is mainly a process of chemisorption, possibly preceded by physical adsorption. 
In the present paper, we have studied the adsorbability of different samples of 
molybdic oxide, the applicability of Freundlich and Langmuir’s equations and 
the effect of electrolytes on the adsorption of fluorescein. 

EXPERIMENTAL 


Three samples of hydrous molybdic oxide were precipitated as follows :~ 





Temperature=s27®G* 

Sample 

Vol. of 
(NH,)„Mo,Oa, 

(0-1 M.) 

Vol. of 

HCl. 

(2-5 M.) 

Remarks 

(Amount of acid for 
precipitation) 

A 

100 ml. 

21.6 ml. 

10%deficieat 

B 

100 ml. 

24 0 ml. 

Equivalent 

C 

iro ml. 

26’4 ml. 

lOYa Excess 


The experimental details regarding the preparation of a fine suspension of 
the oxide and the study of the adsorption of the dye were as described.^ 
The results obtained at 30°G are recorded in uhle 1. 


^Prfsent address : Department of Chemistry, Osmania University, Hyderabad, 



TABLE 1 

Verification of Freundlich and Langmuir’s adsorption equations 


Time of contact= 3 hrs. Temperature = 30°C. 


Sample 

Initial End Concen- 
concentration tration . 
of dye (mgms/ (mgms/ 

250 ml.) 250 ml.) 

Amount 

adsorbed. log c 

(xjm) 

log xjm 

c 

xlm 

A 

3-0 

0-92 ' 

9-636 

1*9638 

0*9839 

0*0955 


2*5 

0-78 

7*t68 

1*8921 

0*9012 



2-0 

0-68 

6*115 

1*8325 

0*7864 

0*1112 


1-5 

0-50 

4*633 

1*6990 

0*6659 



1-0 

0-31 

3*196 

1*4914 

0*5046 


B 

3*0 

0-90 

9*774 

1*9494 

0*9901 



2-5 

0-76 

8*060 

1*8808 

0*9063 



2-0 

0-66 

6*263 

1*8129 

0*7961 



1*5 

0-47 

4*771 

1*6721 

0*6786 



1-0 

0-29 

3*290 

1*4624 

0*5172 


G 

3-0 

0-89 

10*470 

1*9494 

1*0119 



2-5 

0-70 

8*936 

1*8808 

0*9363 



2-0 

0-65 

6*701 

1*8129 

0*8262 



1-5 

0*46 

5*162 

1*6628 

0*7128 



1-0 

0.28 

3*574 

1*4472 

0*5532 

0*0783 


The results show that the adsorptive capacity of the samples for the acidic 
dye, fluorescein, lies in the order G>B>A. These observations arc explanable 
from the amphoteric character of molybdic oxide. 

Gapan® has suggested that, theoretically, the adsorption of anions should 
increase with the decrease in pH. Ghosh and Dey** have reported that 
the basic or the acidic character of amphoteric oxides can be suitably 
evoked by controlling the pH of the medium from which they are precipitated 
and have advanced a hypothesis to explain the amphoteric behaviour of insoluble 
hydrous oxides as : 

M(OH)„?±M(OH)<,.i,+ + OH- (i) 

M(OH)a M(OH)(,.i,- + H+ ^ (it) 

M(OH)(n«l),’*' + M(OH)(n‘l)” ^ + (n— 1)H20 (Hi) 

Equation (t) shows the basic character of the oxide while Equation (li) the 
liberation of a proton explaining its acidic character. Equation (tit) points out 
that the oxide becomes comparatively inactive due to the mutual neutralisation 
of its acidic and basic properties. They have definitely established that factors 
like ageing or heating the hydrous oxide promotes the formation of the inert 
variety. 
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A similar mechanism is suggested here to account for, the reactions on e 
surface of the molybdic acid ; 

H^MoOi ^ HM0O4-+H+ ... (i) 

HaMoO* MoOaOH+ + OH- ({{) 

HMoO^-+MoOaOH+ 5 ^ 2Mo08+H,p ... (Hi) 

Equation (t) shows the acidic character of the oxide facilitating the adsorption 
of cations. Equation (it) illustrates the basic character of the oxide, favouring 
the adsorption of anions. Equation (tit) explains how the oxide becomes compara- 
tively inert due to the mutual neutralisation of its acidic and basic properties. 
There is evidence for the existence of M0O2OH radical. Wardlaw and James* 
prepared pyridinium molybdenyl dichloride and showed that MoOjjOH exists as 
an intermediate radical. According to the equation (it) if the acidity of the system 
is increased, the forward reaction is favoured and the basic character of the oxide 
becomes more pronounced with greater adsorption of anions. 

The samples, A, B and G, differ in the increasing acidity of the medium 
from which they are precipitated, thus enhancing respectively their basic 
character and this results in an increasing order of the adsorption of 
fluorescein. 

The plots between log xjm and log c (Table 1 , fig. 1) and between (e/jc/m and c 
(Table 1, fig 2) do not show linearity indicating that the equations of Frcundlich 
and Langmuir respectively do not apply here. This is probablydue to the limiting 
applicability of these equations®. , 



Fig. 1. Verification of Freundlich Adsorption 
Equation at 30 °G. 
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End concentration (in m.gs.) 

Fig. 2. Verification of Langmuir’s Equation at 30^0. 

Effect of Electrolytes on the Adsorption : — 

The addition of acids, bases and salts to solutions of acidic and basic 
dyes influence their adsorption according to the rules formulated by Bancroft® and 
Pclet-Jolivet^ for simultaneous adsorption from mixtures of electrolytes. They opine 
that acid dyes are taken up most strongly in acid solutions and least in 
basic solutions and highly adsorbed anions decrease the amount of the acid 
dye taken up. Further, an increase in the strength of the electrolyte added 
causes a decrease in the extent of adsorption of acid dyes. 

Tables 2 and 3 give the results of adsorption of fluorescein on molybdic 
oxide in presence of NagSOj and NaCl respectively. 


TABLE 2 


Time of contact 

Effect of NajSOj on adsorption. 

: 3 hrs. Temperature = 

'SO^C. 

Sample 

Amount of 
dye added 
(mgms/ 
250 ml.) 


xjm in presence 

of cone. 


0-0 M 
(blank) 

0'005 M 

0-01 M 

0*025 M 

0 05M 

A 

3-0 

9-777 

9-679 

9-579 

9*252 

8*986, 


2'0 

6-518 

6-469 

6*320 

6*122 

5-926 

B 

30 

9-924 

9*924 

9*574 

9*282 

9*084 


2-0 

6-518 

6*469 

6*320 

6*222 

5*928 

0 

3-0 

9-974 

9-779 

9*679 

9*333 

9-084 


2-0 

6*616 

6-518 

6*418 

6*270 

5*966 


I ^9 J 



TABLE 3 


Effect of Nad on. adsorption. 

Time of contact : 3 hrs. Temperature =>30 



Amount of 
dye added 
(mgms/ 

250 ml.) 


xlm in presence of NaCl of cone. 

Sample 

0-0 M 
(blank) 

0-01 M 

0-025 M 

0-05 M 

A 

3.0 

9-777 

9-777 

9-G79 

9-579 


2-0 

6-518 

6-518 

G-469 

6.418 

B 

3-0 

9-924 

9-777 

9-777 

9.679 


2-0 

6-518 

6-518 

6-485 

6.469 

, C 

3-0 

9-974 

9-777 

9-777 

9.679 


2-0 

6-616 

6-518 

6-518 

6,518 


The results show that the effect of electrolyte in decreasing the amount 
of 'the dye adsorbed is in the order, Na^S 04 >NaGl. 

It has been established® that the sulphate ion is adsoi'bed to a greater extent 
than the chloride ion on molybdic oxide. Thus in accordance with the rules 
of Banckroft and Pelet-Jolivet mentioned earlier, the bivalent sulphate ion decreasei 
the adsorption of fluorescein more than the less strongly adsorbed chloride ion. 
Further, it will be noted that the adsorption of fluorescein decreases with an 
increase in the concentration of the added electrolyte. 

The authors are grateful to Prof. A. K. Bhattacharya, Head, Department of 
Chemistry, for his keen interest in these investigations. 
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ABSTRACT 

The solubility of hydrous molybdic oxide has been studied, in water, dilute HNOa and dilute 
NaOH solutions at 26^0, The data reveal that the solubility increases with incrcasmg quantities of 
both acid and alhali, and with time. The latter has been ascribed to the transformation of p form 
of the monohydratc of MoO^ to the more soluble * form with ageing. The high solubility of molyb* 
die acid in alkaline solutions and low in acid solutions indicate that molybdic acid is relatively a strong 
acid* 


: The existence of a definite njonohydrate of molybdic oxide, has 

been established both by x-ray^ and tensio-eudiometric methods. ^ The monohy- 
drate exists in two allotropic modifications a, and jS, Then: - form differs from 
the — form in having a more definite crystal character. The solubility of this 
monohydrate is considerably low. Rosenheim and Davidson^ determined the solu- 
bility of molybdic acid and reported a value of 0.2619 gm of MoOg per 100 gms of 
water at 24.6°G. Debray^ found that 100 parts of cold water dissolve O.IB part of 
M 0 O 3 whereas Hatchell^ said that 100 parts of hot water dissolve only 0.104 part 
of the ttioxide. 

In view of the above controversial observations, it was thought worthwhile 
to redetermine the solubility of molybdic acid and the present communication deals 
with this property of molybdic acid in water, dilute LiNOs and NaOH solutions as 
also the elfect of temperature and age on the same. Further, the solubility data 
could be used to secure further information as to the character of ions of molybdic 
acid in dilute solutions of acid and alkali. 

\ 

EXPERIMENTAL 

' A sample of the suspension of the hydrous molybdic oxide was prepared and 
constituents estimated as described in a preceding paper®. Standard solutions of 
HNO 3 (G. P.) and NaOH (AnalaR,,BDH) were prepared and their strengths deter- 
mined' by titrations; 

10 ml of the suspension of molybdic acid were introduced into each of various 
100 ml flasks. Increasing quantities of either dilute HNO 0 or NaOH were added 
to the suspensions and the total volumes were raised to 100 ml. These solutions 
were shaken thoroughly and left overnight at the room temperature for the‘ attain- 
ment of saturation and equilibrium. A definite volume of the solution was then 
centrifuged and the pH measured with a Beckman pH meter and the molybdenum 
content was. . determined both gravimetrically as lead molybdate and volumetri- 
ca|ly.r The results obtained by the methods agreed within ± 0.5%, ^ 

♦Present address : Department of Chemistry, Osmania University, Hyderabad. 
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in order to (ietermine tke solubilities at 4o® arid 50*^G, the suspensions witli 
the added acid or alkali were maintained at the respective temperatures in a ther- 
mostat for two hours. After cooling, the solutions were made upto 100 ml and the 
Mo content was determined To study the effect of ageing, the suspensions with 
the added acid or alkali were made upto the mark in 100 ml flasks and allowed to 
age for a period of 25 days at the room temperature. The Mo content in 
these samples was also determined as before. The results arc recorded in 
table 1, 


TABLE I 

Effect of temperature and age on the solubility of Molybdic oxide 


Volume (ml) of Solubility C. gms of MoOJlOO ml. 

Solvent HNO3 (1 .079 N) or L ^ L 



NaOH (0.098 N) 
added 

26°G 

40“G 

50°G 

when aged for 
25 days 

Water 

— 

0.01559 

0.02069 

0.02638 

0.02158 

HNO, 

5.0 

0.01679 

0.01879 

0.01979 

0.01859 


7.5 

0.01779 

0.02088 

0.02459 

0.01919 


10.0 

0.02098 

0.02398 

0.02758 

0.02398 


12.5 

0.02333 

0.02738 

0.03118 

0.02878 


IB.O 

0.02578 

0.02878 

0.03238 

0.02888 


17.5 

0.03018 

0.33180 

0.03597 

0.03158 

NaOH 

0.5 

0.02758 

0.03018 

0,03238 

0.03197 


1.0 

0.03537 

0.03854 

0.04198 

0.03937 


1.5 

0.04615 

0.04732 

0.05396 

0.04717 


2.0 

0.04719 

0.52050 

0.05755 

0.04737 


2.5 

0.05115 

0.06010 

0.06835 

0.05217 


3.0 

0.06356 

0.06738 

0.07155 

0.06536 


DISCUSSION 

The results show that the solubility of molybdic acid in water is rather low 
(0.01599 grns. of M0O3 in 100 ml of water at 26®G,). This value is different from 
those obtained by othrrs, Mchrotra and Ghosh** have shown that the solubility of 
hydrous oxides depends upon the conditions of precipitation, the temperature of 
dissolution and age of the sample. This may be the reason for the variation in the 
values mentioned above. 
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it is widely accepted that ageing diminishes, tke chemical reactivity as also 
the solubility of hydrous oxides. But the results recorded in table 1 show that 
there is an increase in solubility with age. It has already been pointed out that the 
monohydrate of M0O3 exists in two allotropic moditi cations* Further, Weiser^ 
is of the opinion that the gradual changes in properties with ageing are attributed 
to a transformation of one allotropic modification to another. A comparative 
study of these two, a - and ^ — forms will provide an explanation for the in- 
creased solubility with age. 

Earlier workers such as Vivier^*^ and Rosenheim and Davidson designate the 
monohydrate of M0O3 precipitated by acidification of normal molybdates as the 
p - form to distinguish it from the a — form which is formed in asbestos-like 
white needles when a solution of the dihydrate is kept at 40 '^ - 60 ®C. The a — 
form readily settles down from a suspension in water and is more soluble than the 
- form. In the course of the present investigations, it was observed that a fresh 
ample of molybdic oxide takes considerable time to settle down from an agitated 
suspension in water whereas the aged sample readily does so. It may, therefore, 
sbe suggested that the fresh sample is the ^ - modification which changes on 
to the ct — form with ageing. This explains the anomaly, i.e., the increasing solu- 
bility with age. 

It is well known that by virtue of its amphoteric nature, molybdic acid 
dissolves both in acids and alkalies. This may be explained as follows (t) the 
solubility of molybdic acid in NaOH is due to the extent to which the weak acid, 
HaMoO^, is neutralised by the strong base and (n) that in the presence of HNO3 is 
mainly due to the neutralisation of the weak base, M0O2 (OH)^ by the strong 
acid. 

In several recent publications^^, the amphoteric nature of Ni, Go, Hg, U, Sb, 
As oxides has been explained from solubility studies. The studies of equilibria of 
antimony oxide in NaOH and HGl solutions indicate that antimony is present in 
both the cases as a monovalent ion. The solubility data of As^Og in NaOH reveal 
that monobasic, mono-, di- and triarsenate ions are formed in alkaline solution. 
It appears, therefore, that the solubility data of molybdic oxide in dilute HNOs 
and NaOH could be well used in examining the nature of the ions of molybdic acid 
in acid and alkaline solutions. 


Garrett et suggested probable reactions to account for* the solubilities of 
many amphoteric oxides in dilute acids and alkalies. On similar grounds, the 
possible equilibria of molybdic acid, H2M0O4, in acid and alkali may be repre- 
sented by the following equations : — 

HjMoO, (s) + OH- ^ HMoO*- + H^O (i) 


H,Mo04 (s) + 20 H- ^ MoOr - + 2 HjO 


(ii) 


HaMoO, (s) + H+ MoOi!,OH+ + HjO 


(iu) 


H2M0O4 (s) + 2 H+ MoOa++ + 2H2O 


(iv) 
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Equilibria in base and acid solutions : — 

The method of Garrett and Gayer’® has been adopted here for evaluating the 
equilibrium constants using the data in table 2, the equilibrium constants Ki and 
Jwere calculated as : 

j.. _ m HM0O4- . V HM0O4- 
^ ~ m OH- . tOH” 

~ »^Mo04- - . 7 MoOj, - - 

rv • , , . y (OH-)a 

The ratio may be assumed to be unity over the concentration 

range studied. The value of m HMoOj* or m M0O4- - == total molybdic acid—uq- 
dissociated molybdic acid. Since mo lybdic acid is a weak acid, the undissociated 
acid can be determined by extrapolating the solubility curve for molybdic acid in 
base to m OH" = 0. This value was found out to be = 88 X 10'®. 

TABLE 2 ' , . 


Solubility of molybdic acid in dilute NaOH solutions at 26 °G 


Initial moles of 
■ NaOH/ too 
mi. 

Gm. moles of 
M 0 O 3 /IOO 

ml. 

pH of the solu“ 
tion aftei' satu- 
ration 

MoO« 

iiTi = 

OH- 

MoO* 

' "(OH^ 

2.475 X 

10 -« 

9.350 X 10-« 

3.50 

1.802 X 10"3 

5.020 X 107 

‘ 4.950 X 

io-« 

9,895 X 10"3 

, 4.00 

1.758 X 10-a 

4.479 X 107 

* 9.900 X 

10 -** 

11.090 X 10-3 

4.10 

1.838 X 10 a 

2.336 X 107 

, 4^950 X 

10 -® 

16.490 X 10-3 

4.25 

1.553 X 10-3 

3.138 X 103 

1,485 X 

10 "* 

29.680 X 10-3 

4.75 

1.460 X 10-3 

9.466 X 103 , 




TABLE 3 



L 

Solubility of molybdic acid in dilute HNOg solutions at 26°G 

Initial moles of 

G-m, moles of 

pH of the solu- 

M 0 O 3 

Mo Off t ! 

HNO 3/100 

MoOs/lOO 

tion after satu- 

ifg 5:,- 

K^- 

ml. 

ml. 

ration 

H+ 

(H+)3 

2.423 X 

10 *a 

1.949 X 10"a 

0.95 

4.867 X lO'l 

2.008 X 10"* 

1.414 X 

10-® 

1.469 X 10'3 

1.25 

4.943 X 10"! 

3.497 X 10~* 

1.009 X 

io-» 

1.259 X 10"3 

1.40 

4.849 X 10"i 

4.807 X 10"* 

8.076 X 

10-3 

1.140 X 10"3 

1.45 

4.581 X lO'i 

5.627 X 10"* 

4.038 X 

10-3 

9.859 X 10~» 

1.65 

5.423 X 10"! 

1.343 X 10"3 

2.019 X 

10-3 

8.496 X 10"® 

1.95 

4.904 X lO'i 

2.429 X 10"3 
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2) show that whereas the values are almost constant 
those of /Ta are not so. Since it is well known that several types of molybdate ions 

exist depending^upon the pH of the solution, it cannot be asLmed that the slme 
type of molybdate ion is formed by the addition of varying quantities of koR 
Hence, JTjVa^es do not show a constancy. The constancy in K, values, on the 
other hand, shows that the reaction indicated by equation (i) is primarily resoonsible 
for the solubility of molybdic acid and HMoO,- ions are probaWy the LterLediSe 
ones to form subsequently the various molybdate ions depending upon the oH 
of the solution. The work of Rosenheim and Felixes and Ghosh and Biswas^ 

They have, established that acid salts of the type 
intermediate ones which change later to the tyne 
Ra(0(MoOj)^) depending upon the pH of the solutions. 


The solubility of molybdic acid in dilute nitric acid can be accounted for by 
the equations, (mi) and {iv). The equilibrium constants and K. were calcu- 
lated from the data in table 3. 


m MoOj,OH+ . y MoOaOH+ 
m H+ . 7 H+ 

m MoOjt+ . y M0O2++ 
m (H+)a . y (H^)^ 


The ratio 


y MoOaOH+ 
y H+ 


can be assumed to be 


unity over the concentration 


range studied. The value of niMoOaOH+ or mMoO ++ was obtained from the 
relationship, »iMoOaOH+ or »nMoO.,++ = total molybdic acid - undissociated 
acid and that of the undissociated acid was found out to be 7.7 x 10-® from an 
extrapolation of the solubility in acid solutions to otH+ = 0. 


It will be noted here, too, that values do not show any constancy whereas 
/T, values do so fairly. This indicates that the solubility of molybdic acid in dilute 
mineral acid is explainable mainly by the equation (i) which shows the formation of 
MoOsOH+. It should be remembered, here, that Wardlaw^s has shown the exis- 
tence of this ion, MoOaQH+, as an intermediate one. 


The authors are grateful to Prof. A, K. Bhattacharya, Head, Department of 
Chemistry, for his keen interest in these investigations. 
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SOLUTIONS BY HYDROUS OXIDES 
PART III. HYDROUS Fe (III) OXIDE 


By 

JALAJ and S. GHOSH* 

Chemical Laboratories^ University of Allahabad^ Allahabad 
[Received on Slst May, 1962) 

ABSTRACT 

The paper describes the decomposition of hydrogen peroxide catalysed by three samples of hydrous 
ferric oxide, prepared at room temperature, by adding {a) 5% excess, (^) equivalerit and (c) 5% 
deficient amounts of caustic soda solution, to a ferric chloride solution. The results indicate that the 
rate of decomposition follows unimolecular law with stronger solutions of the peroxide, but the order 
tends to increase with decreasing concentrations of hydrogen peroxide, specially at higher temperatures 
and with v#ry dilute peroxide, solutions* The catalytic activity of the three samples is in the 
order : A, B, C, 

It is well known that hydrous ferric oxide catalyses decomposition of hydrogen 
peroxide. Here a detailed study of the docomposition has been made in the 
presence of the hydrous oxide prepared by adding different amounts of alkali to 
afferric chloride solution. 


experimental 

The three samples of the hydrous ferric oxide were precipitated from 200 ml 
of ferric chloride solution containing 42. 1 1 gm of FeClg per litre, by adding 
calculated volumes of* 2,5 N caustic soda solutions at room temperature. As it was 
found that on prolonged washing the hydrous oxide precipitate tends to peptise, 
25 ml of 0,5N potassium sulphate was added during the precipitation. 

These samples of hydrous ferric, oxide were washed and estimated for their 
iron content volumetrically. The hydrous oxide suspensions were diluted with 
calculated volumes of distilled water so that 5 ml of the suspensions of each contained 
the same amount of iron. The pH of the samples A, B and C were 3,8, 3.5, and 3.5, 
respectively. 

A conical flask containing 75 ml of hydrogen peroxide solution of known 
concentration and the bottle containing hydrous oxide suspension were kept in a 
thermostat to attain the desired temperature. 5 ml of the suspension were drawn 
aft^ shaking the bottle well and were added to the flask. At different intervals, 
the flask was well shaken and 5 ml of the reaction mixture were drawn out. The 
reaction was checked with 10-15 ml of 4N sulphuric acid solution and 
the solution was estimated for undecomposed hydrogen peroxide against a 
standard potassium permanganate solution of strength equal to that of the peroxide 
in the conical flask at the time of starting the reaction. 


Present address .• Department of Chemistry, University of Jabalpur, Jabalpur. 



‘temperature ^O'^d 
Cone, of HjOa soln = 0.05N 



TABLE 

1 

table 2 


Sample 

A 

Sample B 


KMnO^ 

First order 


KMnO. 

First order 

Time 

used 

constants 

Time 

used 

constants 

(min) 

(ml) 

KI2.S03 

(min) 

(ml) 

(ir/2.303 

0 

5.00 

— 

0 

5.00 

...... 

15 

3.33 

0.0111 

15 

4.04 

0.0061 

30 

2.41 

0.0105 

30 

3.25 

0.0062 

45 

1.75- 

0.0101 

45 

2.59 

0.0063 

60 

1.14 

0.0107 

60 

'2.10 

0.0062, 

75 

0.88 

0.0100 

75 

1.75 

0.0060 

90 

0.61 

0.0101 

90 

1.40 

0.0061 

105 

0.44 

0.0100 

105 

1.14 

,0.0061 

120 

0.30 

0.0101 

120 

0.88 

,0.0062 


Cone, of HaOa 

soln. = 0.05N 


Cone, of HjiOa soln. 

= 0.005N 


TABLE 3 


TABLB 4 

' ; 

Sample C 

Sample A 


KMnOi 

First order 

Time 

KMnO^ 

First order 

Time 

used 

constants 

min. 

used 

constants 

(min) 

(ml) 

£’/2.303 


(ml) 

K12.3Q3 

0 

5.00 


0 

5.00 

' ' 

15 

4.12 

0.0056 

15 

3.42 

0^0110 

30 

3.46 

0.0053 

30 

.,2.46 • 

O.Q102 

45 

2.80 

0.0056 

45 ' 

1.75 

0.0101 

60 

2.37 

0.0054 

60 

U40 

, 0.0092 . 

75 

1.93 

0.0055 

75 

1.05 

0.0090‘ 

90 

1.58 

0.0955 

90 

0.88 

0.0083 

105 

1.32 

0.0055 

105 

0.79 

0.0076 

120 

1.14 

0.0053 

120 

0.61 

0.0076 
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Cone, EijOa soln. 0.005N Cone, of soln. 0.00Si4 

TABLE 5 j TABLE 6 



Sample B 



Sample G 



KMnO 

First order 

Time 

KMnOi 

First order 

Time 

used 

constants 

min) 

used 

constants ' 

(min) 

(ml) 

r/2.303 


(ml) 

jr/2.303 

0 

5.00 

— 

0 

5.00 

— ' 

15 - 

4.04 

0.0061 

15 

4.04 

0.0061 

30 

3.25 

0.0062 

30 

3.16 

0,0066 

45 

2.54 

0.0065 

45 

2.63 

0,0062 

60 

2.10 

0.0062 

60 

2.20 

0.0059 

75 

1.75 

0.0060 

75 

1.84 

0.0057.' 

SO 

1.49 

0.0058 

90 

1.58 

0.0055 

105 

1.32 

0.0055 

105 

1.32 

0.0055 

120 

1.14 

0.0053 

120 

1.14 

0.0053’^ 


Temperature 35®G 
Gone, of HjO, soln-0.05N 


TABLE 7 

TABLE 8 

Sample A 

Sample B 

time 

(min) 

KMnO^ 

used 

(ml) 

First order 
constants 
A'/2.303 

Time 

1 (min) 

KMnO, 

used 

(ml) 

First ordet; 

constants 

,,.K'i2,30S 

0 

5.00 


0 

5.00 

— 

15 

2.50 

0.0201 

15 

3.70 

0.0087 

30 

1.60 

0.0164 

30 

2.70 

0.0089 

45 

i 1,00 

0.0155 

45 

2.15 

0.0081 

60 

0.65 

0.0147 

60 

1.60 

0.0082 

75 

0.40 

0.0146 

75 

1.20 

0.0082 

90 

0.25 

0.0144 

90 

9.00 

0.0082 

105 

0.20 

0.0133 

105 

0.70 

0.0081 

120 

0,15 

0.0127 

120 

0.60 

0.0076 
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Temperature 35®0 Temperature 40*^0 

TABLE 9 TABLE 10 



Sample 

C 

Sample A 

Time 

(min) 

KMnOi 

used 

(ml) 

First order 
constants 
KI2.303 

Time 

(min) 

KMnO^ 

used 

(ml) 

First 'Order 
constants 
K/2.S0S 

0 

5.00 

— 

0 

5.00 


15 

3.90 

0.0072 

15 

2.95 

0.0151 

30 

3.10 

0.0069 

30 

' 1.76 

0.0151 

45 

2.40 

0.0070 

45 

0.91 

0.0164 

60 

' 1.90 

0.0070 

60 

0.57 

0.0157 

75 

1.50 

0.0069 

75 

0.34 

0.0155 

90 

1.15 

0.0070 

90 

0.23 

0.0148 

105 

0.90 

0.0070 

105 

0.11 

0.0157 

120 

0.70 

0.0071 





Temperature 40°G 


TABLE 11 

TABLE 12 

Sample B 

Sample 

Time 

(i^w) 

KMnO, 

used 

(ml) 

First order 
constants 
^r/2.303 

Time 

(min) 

KMnO* 

used 

(ml) 

First orde 
constants 
ir/2.303 

0 

5.00 

_ 

0 

5.00 


15 

3.52 

0.0101 

15 

3.52 

0.0101 

30 

2,61 

0.0094 

30 

2.61 

0.0094 

. 45 

1.70 

0.0104 

45 

1.93 

0.0091 

60 

1.25 

0.0100 

60 

1.25 

0.0101 

75 

0.80 

0.0106 

75 

0.91 

0.0098 

90 

0.57 

0.0104 

90 

0.68 

0.0096 

105 

0.45 

0.0099 

105 

0.45 

0.0099 

120 

0.34 

0.0097 

120 

0.34 

0.0097 
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The results'^ of the preceding tables show that the decomposition of hydrogen 
peroxide in presence of hydrous ferric oxide samples is of first order with stronger 
solutions of the peroxide. The order, however, tends to increase with very dilute 
solutions of the peroxide specially with the suspension of sample A. At higher 
temperatures the catalytic activity of the samples B and G tends to be the same, 
which otherwise lies in the order ; A >B>C» 

The temperature cov^fficient, energy of activation E, frequency factor A and 
entropy of activation /\S have been calculated for the samples B and C from the 
tables 2, 8, U, and 3, 9 and 12, 


TABLE 13 


Temperature | 

range 

Temperature 
coeiBcient , 

B G 

E 

in cal. 
B 

C 

30» — 35 OG 

1,333 

1.288 

10.608 , 

9,412 

25® — 40®C 

1.217 

1.374 

7,234 

12,184 

300 „ 40°G 

1.625 

1.771 

8,948 

10,775 :■ 


TABLE 14 , 



Temp, 

Encounters per minute 

A S' in e.u. 

B 

A X 10"4 

G 

A X 10“^ 

B 

i 

G 

30°G 

1.721 

3.316 

-47.71 

-41.40 

350 G 

1.795 

3.196 

-4i7.20 

- 4i*44 

400G 

1.722 

3.313 

-47.25 

'"“41.44 


As is usually the case with the heterogeneously catalysed reactions, the 
energy of activation calculated here is comparatively small. 


DISCUSSION 

The decomposition of hydrogen peroxide catalysed by Fe+® or ion has 
been investigated by several workers. Various mechanisms have been put forwayq 
to account for this catalytic activity. The intermediate formation of a ferrate 
anion (Fe 04 )“ "" was suggested by Bohnson and Robertson but Manchert and 
Lehmann^ suggested the formation of higher oxide Fe^Og, whilst Bray and Gorin 
are of the opinion that Fe*^^ is formed. Barb, Baxendale and others bave 
investigated the decomposition of the peroxide by Fe+ and they suggest that first 

step isW reduction of Fe+^ to Fe+^^ by HO -2 a probable anion arising out of the 
acidic nature of hydrogen peroxide : 

HOOH-^H+ + 
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6ur retalts indicate that the hydrous oxide of iron obtained in slightly 
alkaline medium, proves to be the best catalyst in the decomposition of hydrogen 
peroxide. Ghosh and co workers from their study of different hydrous oxides have 
shown their greater adsorptive capacity for cations than anions. The reduction 
of to Fe'*'^ state, which is attended by the action of anion HOj" should be 

least for the hydrous oxide obtained by precipitating with excess of alkali. We 
are, therefore, of the opinion, that the catalytic activity is due to the interme- 
diate formation of highervalent iron in the presence of hydrogen peroxide. 
Hence we suggest the following mechanism : 

Fe’^^+HaO^ Fc+^.H^Oa (Adsorption complex) ' ... (i) 

Fe+3.HaOa -» Fe+3.0H+0H ... (ii) 


The OH thus liberated may initiate the cyclic decomposition of hydrogen 
peroxide as suggested by Haber and Willstatter, 

^h.0H + Hj 02-> HaO + HO, ... («,’) 

j HOj+HsOa -> ^H-f-HaO + Oa ... (i») 

and the highervalent iron may also further react with hydrogen peroxide to 
form back' Fe"^® 

Fe+®.0H + Hj0a->Fe+®+Ha0-j-H02 ... (») • 

Fe+®.OH+HOa-^ Fe+3+HjO+Oj, ... (ui) 
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ELECTROMETRIC STUDIES ON BENTONIFES FROM RAJASTflAN 

By 

I P. SINGHAL and WAHID U. MALIK 
Department of Chemistry , Muslim University ^ Aligarh 
[Received on 17th March, 1952] 

abstract 

The bentonite samples frona Rajasthan were converted into H-bentonites by acid leaching. They 
were titrated potentiometrically in the aqueous and non-aqueous media. Observations in non-aqueous 
media increase the no. of inflexions and may provide some evidence for additional clay minerals in ‘Akli* 
and 'Gadhi-ka-Giram’ bentonites which could not be located from the titration curves in aqueous medium. 

The b.e.c., pH and pK values for the two bentonites at the inflexion points have been determined. 
The results have been discussed in terms of the mineralogical composition of the bentonites. 

Conductometric titrations confirmed most of the conclusioas arrived at on the basis of potentiome- 
try. The results obtained give a satisfactory explanation of the difference in the general properties of 
the two bentonites. 

Thanks are ^ due to the Director, Mining and Geology. Government of Rajasthan for arranging 
the supply of bentonite samples. 

Electrometric methods have found extensive use in studying the physicochemical 
properties of soils. Many authors, including Mukherjee^»^»®, Mitra^, Marshall^, 
Brindley Grim^ Harmon®, Adhikari® and Ghakravarti^^ have recommended the 
use of potentiometric titrations in characterising clay minerals, tor example, it has 
been observed' that a H-clay which behaved as a weak monobasic acid with caustic 
alkalies is largely composed of the mineral montmorillonite while the one with a 
weak dibasic character is predominantly kaolinitic. On the other hand the tribasic 
nature of the titration curves indicates the pressence of the clay mineral illite.^i*^^ 
Besides,* conductometric methods, although of. limited applicability, have found 
>use in carrying out comparative study on soils and in determining their b.e.c. 

Potentiometric titrations is such cases, however^ suffer from one major defect, 
namely, the non availability of all possible inflexion points due to close proximity 
in the pK values of the different acids constituting the hydrogen clay and the 
levelling effect of the aqueous media. To overcome this, titrations in the non- 
aqueous media can be recommended for obtaining more useful information 
about the acids present in the H-clay. Ruehlei'*^, Fritz"*^®, Palit & others^® have used 
such methods successfully for the titration of mixtures of weak acids. 

The present communication deals with the potentiometric studies in the 
aqueous and non-aqueous media on two bentonite samples from Rajasthan. 
The work also includes conductometric studies to confirm and substantiate the 
results of potentiometry. 

The two samples of bentonite were obtained as gift from the Director of 
Mining and Geology, Udaipur (Rajasthan). Sample No, I collected from AkU 
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was in the form of small flat laminated pieces, greyish brown in colour with a 
slight reddish hue while sample No. 2 from Gadhi-ka-Giram was greenish white 
in colour with a soapy touch. Both the bentonites exhibited swelling propertise, 
the Akli sample showing enormous swelling tendency when brought in contact 
with water. It could also be easily transformed into a stable suspension by just 
shaking with distilled water while only a small fraction of the other bentonite 
passed into a stable suspension. 

EXPERIMENIAL 

Samples of acid bentonites were prepared from ‘Akli* bentonite and ‘Gadhi- 
ka-Giram’ bentonite by prolonged and careful acid leaching to ensure as full base 
exchange as possible. The acid clay was than washed free from chlorides and 
used quickly for the under mentioned titrations. 

For carrying out the experiments one gram samples of the freshly prepared 
acid bentonites were taken in ‘pyrex* glass tubes and then treated with varying 
amounts of OT N NaOH (prepared in aqueous or benzene-methanol (1:4) media), the 
total volume in each case was made up to 20 cc. either with double distilled water 
or the organic solvents when carrying out the titrations in non-aqueous media. 
The mixtures were kept in closed tubes for 48 hours with occassional shaking. 
A ‘Hitachi' pH meter model EPH-2 with saturated calomel and glass electrodes 
assembly was used throughout for pH measurements. Conductivity measurements 
were carried out under exactly similar conditions with the help of *W. T. W,* 
conductivity bridge and dip type cell. All measurements were done at 30 ± PC, 

DISCUSSION 

The difference in the nature and the composition of the two clay samples 
under investigation is fairly borne out from the potentiometric studies. Generally 
speaking well defined inflexions in the pH curves can only be realised when the 
pK. values of a polybasic acid or of the different acids constituting the mixture 
differ by at least 4 units. That such, an ideal behaviour could not be realised in 
the present investigations is not surprising because of the nai row difference in the 
pK values of the various acids constituting the two clays. However* on carrying 
out the titrations in the non-aqueous media, the inflexion points not only become 
sharper but some new points make their appearance which normally remain 
masked in a purely aqueous medium. Another interesting behaviour observed in 
these titrations is that in all cases the inflexions arc prccccded by an increase in pH 
: except when aniline medium is employed. Here rapid fluctuations in^ pH were ex- 
perienced during the course of the measurements and the decrease in pH before 
emergence of the inflexion in the titration curves may be attributed to the hydroly- 
tic tendency of the salts formed by the interaction of aniline with the acid part of 
the clays. (Figs I and 3, curves 4 and 3 respectively). 
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The conductivity curves (figs. 2 and 4) although not exhibiting the usual 
characteristics of ordinary conductometric titration curves (where simple pair of 
straight lines intersect at the point of equivalence) are, however, of great 
significance.^^,!? appearance of additional breaks is also observed when the 

conductometric titrations are carried out in the non-aqueous media thereby 
confirming potentiomctric results on bentonites. 

In the aqueous medium the 'Akli’ sample gives only one inflexion at pH 7.7 
(fig. 1, curve 1) while with ‘Gadhi-ka-Giram’ bentonite three inflexions (at pHs 
7,0, 9.2 and 9.9) are obtained (fig, 3, curve 1). Titrations in the non-aqueous 
media increase the number of inflexions in the case of ‘Akli’ bentonite (fig. 1, curves 
2, 3, 4) while no such effect is observable with the other sample except in case 
of aniline where a 4th inflexion is obtained at pH 12.5 (fig. 3, curve 3). Besides, 
the curves for ‘Akli’ bentonite are more well deflnd than for the other clay. 

Results on b.e.c. (as found from the inflexions from the potentiomctric tit- 
ration curves and the breaks from conductometric curves) provide enough evidence 
regardiog the difference in the composition of the two samples. The occurrence 
of three inflexions at pH 7.0, 9.2 and 9.9 in aqueous medium and of 4 inflexions 
in non-aqueous aniline medium suggest the presence of montmorillonite and possi- 
bly some other mineral like illite in ‘Gandhi-ka-Giram’ bentonite. 

Such a simple relationship, however, is not obtained, with the ‘Akli’ bento- 
nite. On the other hand, a fairly high b.e. capacity and the typical monobasic 
nature of the titration curve in aqueous medium, both point towards the fact that 
‘Akli’ sample is mostly constituted from the mineral montmorillonite. The occuf 
rrance of additional inflexions (two in Wjatcr-acetone and water-glycerine and 
three in purely non-aqueous aniline) is another point worth considering and may 
lead to the probable existence of additional clay mineral in Akli bentonite. 

Another interesting point emerges out from these investigations, DtZ, the pK 
values of the ‘Akli’ bentonite are lower than those for the other sample which is 
impure bentonite. Such ■ a behaviour has also been observed by us while studying 
other soil samples and on the basis of these observations it may be said that a 
superior quality of bentonite would give lower pK values as obtained from the 
potieutiometric titrations carried out in aqueous or partly aqueous media. 

Further work after due removal of free oxides and under carefully controlled 
conditions of ion saturation (H nr. Al) is in progress and will be communicated 
shortly. 
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NITROSIFIGATION IN BENTONITE MEDIUM IN PRESENCE 
OF AMMONIUM SALTS 


By 

S. P. TANDON, S, K* DE and R. G. RASTOGI 
Chemical Labor atmes^ University of Allahabad ^ Allahabad 
[Heceivcd on 21st Suptombcr, 1962] 


ABSTRACr 

The process of nitrosification has been studied in bentonite medium in the presence of.different amm- 
onium salts. It has been observed that although aoimoniacal nitrogen of some ammonium 
salts is easily converted into nitrite nitrogen in the absence ot magnesium or calcium carbonate* 
the extent of nitrosification depends primarily on the balanced supply of the esaeotial nutrients to the 
medium. The nature of other cations and anions present in the medium as well as the , pH of the 
medium itself have also a controlling effect on nitrosification. Of the eighteen ammonium salts used^ 
diammonium hydrogen phosphate, ammonium sulphate, ammonium sodium hydrogen phosphate gave 
maximum nitrosification in bentonite medium. 

In our two previous communications (1, 2) we have reported that it is possible 
tp use bentonite as a growth medium for nitrite forming bacteria (Nitrosomonas), 
provided the medium contains optimum amounts of magnesium and calcium 
carbonates. Other carbonates of divalent metals have been observed to be unsuit- 
able for this medium. 

In this paper, we have reported the results obtained on the extent of nitrosi- 
fication in bentonite medium in the presence of different ammonium salts. The 
experiments have been performed without adding either magnesium carbonate or 
calcium carbonate to the medium. 


EXPERIMENTAL 

The bentonite sample used, was obtained from Kashmir, India. X-ray 
identification of the clay mineral was originally performed by the Late Dr. S. P. 
Mitra. The clay mineral was first finely powdered in an agate mortar and then 
passed through a 100 mesh sieve. The pulverised mineral so*obtained was then 
stocked in bottles for the experiment. 

For the systematic study of the bacterial nitrosificaton in bentonite medium^ 
each mixture containing 1.0 g. bentonite, an ammonium salt (amount corresponding 
to 0.02121 g. Nitrogen) and & ml. distilled water was taken in a 250 ml. Jena flask 
and was sterilized in an autoclave for half-an-hour at 15 lbs. pressure. The flasks 
containing the above medium were left for cooling after sterilization, and were 
inoculated by 1 ml, of a vigorous culture of the organism diluted with sterilized 
distilled water. The organism, Nitrosomonas, was isolated from a sample of 
garden soil, details of which have already been given in one of our previous 
communications (1). The flasks containing the inoculated mixtures and the 
control sets were incubated at 35® C in an incubator. The nitrite formed in each 
of the flasks was estimated after the completion of every 48 hours by the Duboscq 
Colorimeter using 0.5% a naphthylamine and 0.8 ^ sulphanilic acid in acetic acid 
(Sp. Or, 1.04) solution. The growth of the organism was taken to be directly 
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proporti<^Qal to the formation of nitrite in the solutioiL The results reported 
here are the mean of the two sets which were run side by side. 

RESULTS AND DISCUSSION 

In one of our previous communications (1), we have reported that nitroslfica- 
tion in bentonite medium is best favoured in the presence of magnesium carbonate, 
and not in calcium carbonate, the maximum amount ot nitrite formation observed in 
one oi the sets at 336 hours being 120.290 mg. The source of amraoaiacal nitrogen 
used was 1ml. of a iO/^ solution ot ammonium sulphate and the experiments 
were performed with mixtures, each containing 1.0 g. bentonite, O.Ol-O.lg 
magnesium or calcium carbonates and 80 ml. distilled water. There is thus indi- 
cation that the conversion of ammonia to nitrite from ammonium sulphate is fav- 
oured in the presence of magnesium or calcium carbonate. 

table 1 


Nitrosification in Bentonite Medium in presence of Ammonium Salts, 


Medium l.O^g. 
Bentonite 

4 -'NH 4 salts-l-80 ml. 
distilled water. 

Nitrite in mg/Litre 

Time in hours 

48 

96 

144 

192 

240 

288 

336 

■L Ammonium 

carbonate 0.7002 

0.8100 

0.9052 

0.9052 

1.0500 

1.3945 

1.8211 

H, Ammonium 

sulphate 0.7500^ 

1,0500 

1.5420 

3.6980 

7.5000 

12.9450 

28.1620 

3. Diammonium 








Hydrogen 

phosphate 

0.7500 

1.0315 

2.2230 

8.8440 

12.6000 

17.7690 

38,2350 

4^ AmmpniiUm 
chloride 

0.6563 

.0.9702 

1.4580 

'2.9180 

4.4760 

6.9000 

21.0000 

5, Ammonium 
bromide 

0.6563 

0.8844 

1.3815 

2.4990 

3.5000 

5.4690 

19.3480 

6. Ammonium 
fluoride 

0.5834 

0.7500 

1.3815 

2.1000 

2.9180 

4,5000 

12.031 

7. Ammonium 
nitrate 

0.8100 

0.9702 

1.1921 

1.6410 

2.1000 ^ 

5,3682 

19.3480 

8- Ammonium 
sodium 
phosphate 

0.6563 

0.7500 

1.0500 

1.8750 

2.8750 

8.8440 

32.2360 

9. Ammonium 
thiocyanate 

0.5835 

0.6029 

0.6600 

1.3450 

1.4580 

2.4000 

3.8750 

10. Ammonium 
citrate 

... 


... 


... 


0,5833 


In the present series of experiments none of the above two carbonates was 
p^ed, and under the above condition the maximum nitrosfication observed in 336 
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hours in the presence of the ammonium salts was 38*2350 mg* of the nitrite. However, 
the results presented in table 1, clearly show that it is possible to obtain a fairly 
good growth of Nitrosomonas in bentonite medium even without providing magne- 
sium or Calcium carbonate source to the growing bacteria. Here, we may mention 
that not all the ammonium salts are suitable for the growth of nitrosomonas in 
bentonite rntdium, as is evident from table 1 in which the effects of the anions 
associated arc indicated. The best first three ammonium salts, the ammoniacal 
nitrogen of which can be easily converted into nitrite nitrogen in the bentonite 
medium inoculated with Nitrosomonas, can be placed in the order 

(NH,),HPO^> (NH 4 )jjSO,> (NH^)NaHPO,, 

The ammonium salts containing the halides also appear to be good sources of 
ammoniacal nitrogen for the growing nitrifying bacteria. Incidentally, we may men- 
tion that we have not found any nitrite formation in bentonite medium in the prese- 
nce of citrate, dihydrogen phosphate, oxalate, dichromatc, molybdate, acetate^ per- 
sulphate, arsenate and hydroxide of ammonium. These anions are thus definitely 
toxic to the grow h of nitrosomonas in bentonite medium* However, in the presence 
of ammonium citrate slight growth of bacteria was observed after a long period ; 
probably it is due to the inhibiting effect of the organic citrate anion, since it is 
known that organic substances in general retard the growth of nitrifiers* 

It is well known (3) that Nitrosomonas grows best in a medium supplied 
with a source of ammoniacal nitrogen, free calcium or magnisium carbonates, 
some quantities of phosphate and traces of iron, zinc and copper. A bentonite 
sample normally contains all these essentials and it thus becomes a good surface 
for the nitrosification process. The extent of the process is, however, primarily 
dependent on a balanced supply of these important clcraentSi the pH of the medium 
and the nature of other cations and anions present. From the results presented in 
table 1, the importance of these factors is clearly borne out. 
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HgXa“MCN-HjO (where X=C1, Br or CNS and M = K or Na) 

By 

A. K* AGRAWAL and R. G. MEHROTRA*^ 

Chemical Laboratories^ University of Gorakpur, Gorakput 
[Received on 19th June, 1962] 

ABSTRACT 

An electrometric and conductometric study of the systems : HgXa- MCN-HgO (whercX-rCl 
Br or GNS and M=K or Na) has been carried out and the existence of a number of complexes 
interpreted. 

Although a considerable amount of work^’^^ has been done on the complex 
and mixed halides of mercury, not much systematic work appears to have 
been carried out on the mixed pseudohalides of the metal. Sherrill and 
Skowronski^^ have shown the existence of a complex salt KjjHg(CNS )4 by 
solubility, freezing point and E. M. F. determinations. Gorbet^^ carried out a 
phase-rule investigation of the system : Hg (GN)^ — KGN — H^O, As regards the 
study of the mixed halide-pscudohalide complexes of mercury, some evidence for 
the complex ion, Hg(GN)jGl’ was reported by the ebullioscopic method by Bourion 
and Rouyer^** Aggarwal and Mchrotra^^ have recently carried out a conductometric, 
electrometric and cryscopic study of the systems : Hgl.-KGN-HaO andHg (GN)^ 
-KI-HjO and concluded the existence of the following complexes in solution: 
KHg(CN) 2 l, K^Hg(GN)J 2 and K^Hg (GN)^. Penneman and Jones^*^ employing 
infra-red absorption technique have shown the existence of two complexes i. c., 
Hg GN)2G1-' and Hg(CN) 3 Cl-‘ between mercuric cyanide and chloride ions. The 
authors^'“^^ have carried out a preparative study of the systems : HgXj-MCN — H 2 O 
and Hg(GN )2 - MX - HaO (where X - Gl, Br or GNS and M = K or Na) and isolated 
three diiferent types of complexes : MHgXgGN, MHg(GN) 2 X and Mj^Hg ON)^ from 
the potassium systems whereas from the sodium systems the only complex which 
could be isolated corresponded to the formula MHg(GN) 2 X. The results are 
summarised in the following table : 


Molar ratio of the reaction mixture. 

Composition of the product. 

1 . 

HgX2.KC5N 

KHgXjGN 

2 . 

HgXj.4KCN 

K,Hg(CN)* 

3 . 

HgX,.2KCN 

KHg(GN),X 

4. 

Hg(CN)a.nKX 

KHg(GN),X 

5 . 

HgX,.«NaGN 

NaHg{GN)aX.Hp 

G. 

Hg(GN)j.nNaX 

NaHg(GN),X.HaO 


X=C1, Br or CNS and n 

[ cw 1, 2 or 4 


'^Present address ; Department o£ Chemistry,, University of Rajasthan, Jaipur. 
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In this particular investigation, the authors have Carried out an elcctrqmetrlc 
and conductometric study of the systems : HgXj — MCN - H.^O (where X=C1, Br 
or CNS and M=K or Na) and interpreted the existence of a number of 

complexes, - . . , 

EXPERIMENTAL ■ 

Materials. Mercuric thiocyanate and bromide used were prepared from 
mercuric nitrate and potassium thiocyanate or bromide, thoroughly washed with 
distilled water, dried and analysed. Sodium cyanide was an E. Merck product. 
For all other chemicals, analytical grade reagents were u^ed. 

Measurements. A Phillips Direct-reading pH-meter PR 9400 and a Cambridge 
bench-type pH-meter were employed for electrometric measurements and conductivity 
was measured with a Phillips Conductivity Measuring Bridge GM 4249 and Leeds 
IMorthrup Ivohlrausch Sfidewirc No. 4258. 

T ecfitdques and Conditions. A series of solutions were prepared by the monovariation 
method i. e., by keeping the concentration of one of the components (MCN) constant 
(10 ml. of molar solution; and varying that of the other (HgXj). Each solution was 
made upto 1 00*00 ml. with conductivity water and allowed to stand overnight in 
order to ensure the establishment of the equilibrium. 

RESULTS AND DISCUSSION 

The results obtained are plotted in Figs. .1—4. 



FIGURE 1 
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Molb^!* Ra,t}o 
CCN)z /KCN 

^/jO ' 4 /fO 6 /ro 8 /fo 10/70 >^//Q 






pH Measurements, The curves 1~6 show that till the ratio of meixuric halide 
(HgCljj HgBr^^ or Hg (CNS)| and alkali cyanide (KCN or NaCN) becomes 1 : 2, the 
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pH gradually decreases as the amouat of the mercuric compound increases. This 
may be attributed to be due to the gradual conversion of highly alkaline 
alkali cyanide into almost unionised mercuric cyanide. However, in case 
of potassium systems an earlier inflexion point A is obtained where the molar 
ratio of mercuric halide and potassium cyanide is 1 : 4. This can be explained on 
the basis of the reaction. 

HgXa + 4 KCN ^ K,Hg (CN),+2KX 

The complex KaHg(GN)^ has actually been, isolated from the reaction mixtures 
with the above molar ratio whereas in case of sodium systems no such compound 
could be isolated. Further confirmation for this has been obtained from a study 
of the system : Hg(GN)a>- KCN- H^O (curve 14) which gives a similar inflexion 
point when the molar ratio of mercuric cyanide and potassium cyanide is 1:2. 
This inflexion point can also be observed in case of the system : Hg(CNS)8 
- NaGN — H^O but is not well-marked in case of other sodium systems. 

When the ratio of mercuric halide and alkali cyanide becomes exactly 1 : 2, 
there is a sudden fall in pH due to the conversion of all the alkali cyanide into 
almost unionised mercuric cyanide which as evinced by our preparative studies 
takes up one mole of the alkali halide forming MHg(GN) 2 X. This corresponds to 
the inflexion point B. 

Again, the pH slowly decreases as the addition of more mercuric halide 
.suppresses the secondary ionisation of Hg(GN). 2 X'“ 

HgCGN).,X- Hg (GN), + X- 
Hg*'+ 2CN- 


This has been confirmed from a study of the system : 

HgCla-KHg(GN)s,Gl-H,0 (curve 13) when similar results were obtained. 
Further, in case of potassium systems the possibility of the following reactions 
cannot lie neglected. 

KX + HgXa KHgXa 


KHg(GN)2X + KHgXs -> 2KHgX,GN 

as the complexes KHgXjGN have actually been isolated, although the inflexion 
point at the molar ratio fclgXj. KCN is not very distinct. 

Conductivity Measurements. The curves 7-12 show that the conductivity 
first decreases as the amount of added mercuric compound increases and an inflexion 
point A is obtained when the molar ratio of mercuric halide and alkali _cyamde « 
1 ; 4. This may be attributed to the formation of the complex HgCGN), inns, the 
mobility of which can be well expected to be lower than that of the cyanide 

ions. 

HgXjf4CN- — >Hg(GN)4- +2X- 

Further, in case of chloride systems the inflexion point A occurs when the 
molar ratio of mercuric halide and alkali cyanide is approximately 1 ; 3. This may 
be explained on the basis of the formation of [Hg(GN),Cl]" ’ the existence of which 
has been shown by Penneman and Jones” also. 

HgCl,+3CN- — ^ [Hg(CN),Cl]- --fCl- 
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addition of tHe mercuric compound, the conductivity shows a 

v, increase and maxima (B) are obtained when the molar ratio of mercuric 

■Th^ ^ <^°5‘^spoading to the formation of MHg(GN)aX; 

Jause of tb^^ [Hg(GN)aXr anions would be the 

'C^use or this increase in conductivity : 

fHg(GN)^r — >2[Hg(GN)2X]" 

FurAer decrease in conductivity may be assigned to the complexation 
rea^ions between the added mercuric compound and the free alkali halide formed 
■m the solution from earlier reactions : 

jHgXa+2MX > MaHgXj 


MaB^X^ + HgXa — > 2MHgX3 

In case of potassium systerns, due to the isolation of compounds of the type 
KHgXaCN on the preparative side, the possibility of another reaction is also to be 
'accbunted for, 

KHg(GN)^X -f KHgXa — ^ 2KHgX2CN 

although the inflexion point at the molar ratio HgX 2 *KGN is not very distinct 
indicating weak complexation* 

One of us (A. K. A.) is grateful to G. S. I. R*, New Delhi for a Junior 
Research Fellowship during the tenure of which the above work was 
carried out. 
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SOIL MOISTURE SYSTEM ; MOVEMENT OF MOISTURE AND 
SALT IN AN UNSATURATED PHASE, PART I 


By 
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ABSTRACT 

The results of soil moisture experiments conducted in the unirrigated profiles having varying 
water table conditions indicate positive and highly significant correlations between the natural moisture 
content and clay and clay plus silt content of soils. The profiles attain a sort of natural moisture equili- 
brium, which is disturbed only by irrigation or fluctuations in qlimatic elements. The correct 
programme of land reclamation can, therefore, be chalked out on the basis of soil moisture system of the 
profiles. 

A soil ia order to carry out the function of plant growth must contain a certain 
amount of water and the movement of this water takes place through the soil pore- 
space. Water may move in soils under any one of the following conditions, either 
alone or in combination 


1. Gravity. 

2. Capillarity. 

3. Vapour Phase. 

A simple mathematical derivation of the theory of the movement of moisture 
under unsaturated conditions based on the potential gradient has been developed 
by Dhawan and Malhotra (3) where 



K = 


1 - P 58 

TTP ' T 


Where K «= Constant depending upon the type of soil and state of compaction etc. 
S s= Thickness of the Soil. ' ' 

P *3 Variation moisture content. 

T s Time. 

A soil profile consists of different horizons possessing soils of variable physico- 
cheihical ehhracteristics. Due to the existence of different types of soils at varying 
depths, a dynamic equilibrium is bound to be set up as regards their moisture 
content. It was, therefore, thought feasible to further elucidate this phenomenon 
by investigating the moisture equilibrium of a large number of profiles upto , water 
tabtei tak^ from different areas having variable water table conditions in order 
to determine the respective role of clay, silt and sand on the moisture holding 
capacity of these soils in unirrigated zones. Secondly laboratory experiments were 
carried out to investigate the moisture content of different types of soils at which 
capillary permeability becomes zero. 
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; / EkPERIltoNTAL.- - 

(^i) The following two-atudies wepe-condueted-:— — 

I. Moisture equilibrium in Unirrigated Profiles. 

Soil profiles down to the water tkble were taken from different un~irrigated 
areas and analysed for the fallowing soil constants ... . 

(t) Natural Moisture Percentage . . . 

(«) Mechanical Analysis. 

(fit) Total Soluble Salt Content. 

The results of the above investigations were examined in order to study the 
relation between the different size particles and the natural moisture contend of the 
soils and to see how the movemerit of salt wa? affocted in different fiorizphs'’ due to 
the variation in their mechanical a^ialysis. ; , , 

II. Determination of Moisture content at which capillary permeability is xero. 

(a). A typical Punjab soil containing, about 7*0 per, cent , clay was dried, 
powdered and passed through 60,100, 170 and 300 mesh B, S. sieve. A known 
amount of moisture was added and ; the soil was well mixed in order to have a 
uniform moisture all round. The moisture content of the. soil jwas determined. , and 
it was compacted to a dry bulk density of 1.5 in a glass tube of about 1,0 inch 
diameter and 6 0" long, while in another similar glass tube sand was compacted 
at the same density. The variation in moisture content of soil and sand was varied 
from about 5% to about 20%. First the moisture content of the soil was kept near 
about 5.0 per cent and the moisture content of the .sand was increased from about 
5.0 per cent to about 20 per cent. In the second set the moisture content of tne 
soil was increased from 5.0 % to about 20.0 percent while the moisture- content ot 
the sand was kept at about 5,0 percent. The two tubes were placed face to face 
making a complete contact. All the sides were waxed throughly "to prevent any 
loss of moisture due to evaporation. The tubes were kept in the horizontal position 
for seventy two hours, after which they were separated^ and moisture estimation was 
carried out. The gain or loss of moisture in the soil and sand was determined and 
the moisture content at which capillary permeabilify stopped was calcula- 
ted for different percentages of moisture for soil and sand respectively. The 
mechanical analysis of soil passing ,(60;i00 170. and 300)- mesh sieve “is giv6h 
below . 

TABLE I ‘ ' 


Mechanical analysis of soil passing (60^100,170 and 300 Mesh sieve (B. S.) 


1 

60 

100- ■ 

-'170 ■ 

300 

1. Clay (particles below 0.002 mm) 

"6;80" 

-7;40-, 

-7.90- :?.2,o 

‘ 2. Fine silt (particles greater , than 0.002 
mm but less than ,01 mm 

■ 5.20 

7’-OP. 

.9;50 .13.10'; 

-.3. Coarse silt (particles greater .than 0.02 
mm but less than 0.02 mm) 

7.90 

' 1L20V 

13.50 -20.0 ' - 

4. Fine sand (particles greater than 0.02 
mm but less than 0.2 mm) 

48.00 

70.10 

69;G2 

58.39 

5, ‘ Coarse sand (particles greater than 0.02 
mm but less than 2.0 mm) 

32.10 

4.30 

0.08 ' 

■ 0.1 1 
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Particle size Distribution 


S. No. 

Mesh No. B. S. 

Percentage Retained 

1- 

7 

0.0% 

2. 

10 

0.0% 

3. 

36 

7.3% 

4. 

60 

36.0% 

5. 

72 

7.2% 

6. 

100 

30.2% 

7. 

120 

14.9% 

8. 

150 

3.9% 

9. 

Passing 150 

0.5% 


Discussion of Results “Diagrammatic Representation of Analytical Results.” 

To facilitate the comparision between the natural moisture content and the 
clay, silt and sand content of soils, the results of analysis have been represented 
graphiphically in Fig. I-III. 

Fig. I. Relation between clay and moisture retained (in profiles). 
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Statisticai treatment of Analytical Results. 

. An examination of the Figs. I-III brings out diagrammatically a sort of rela- 
tionship between the natural moisture content and clay, clay plus silt and 
content of soils. In calculating the correlation coefficients, the top ten to fourteen 
feet of the soils and four feet of the soil from water table upward were left out. 
The former was under the influence of pellicular zone and the latter under ' 
capillarity. Asghar and Dhawan (2) investigated in detail the formation of pelli- 
cular zone in different types of soils. They observed that the depth upto which 
the effect of evaporation was noticeable ranged from 10.0 ft to 14.0 ft, depending 
upon the nature of the soil. This depth increased with the decrease '^in clay 
content. 


Variable 1. 
Variable 2. 
or 


or 

Y 1.2 


Natural moisture content. 

Clay percentage (Particles below 0.002 mm. 

Clay plus silt percentage. 

Particles below 0.02 mm. 

Sand percentage Particle above 0.02 mm. but less 
2.0 mm.) 

Total correlation between variable 1 & 2. 


TABLE II 

Correlation between natural moisture content and clay, clay plus silt and 




sand content of soils 



S. No* 

Size Particle 

No. of observations 

r 1.2 

Remarks, 

1. 

Clay percentage 

225 

+ 0.9016 

Significant 

2, 

Clay plus silt per- 
centage 

225 

+ 0.9255 

do. 

3. 

Sand Percentage 

225 

- 0.9255 

do. 


The respective regression equations are given below 


r = 0.85* + 2.26 

r = 0.279 *1 + 1.97 

Where 

=s Natural Moisture content. 

X =s Olay percentage. 

= Clay plus silt percentage. 

All the above correlations are highly significant. The correlations with clay 
and clay plus silt are positive and significant. It shows that the higher the per- 
centage of clay or clay plus silt, the greater is the moisture holding capacity of the 
soils. With the increase in sand content, the correlation becomes negative and 
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* 1 ^ rctentivity of moisture becomes corhparatively less. 

“ mSstuS*s^7i“,^ between the different horizons. Further 

oi moisture or salt is automatically stopped. 


A sort of 
movement 


_ An example of the equilibrium stage of the 
m an unirngated soil prohle is cited below 


movement of moisture and 


salts 


TABLE III 

Water taPblc profile taken from village Shahpur Begu District Hissar 

Punjab India 


S. No. 

Regd, No. 

Depth 
in ft. 

Natural Mois- 
ture % 

Total 

salt 

% 

Clay o/o 

Silt% 

Sand 

% 

1. 

•f, < U s 

56284 

18 

9.9 

0,21 

11. 1 

49.75 

25.15 

2. 

56285 

19 

22.2 

0,31 

21.9 

52.10 

26.00 

3 . 

56286 

20 

, 16.7 

0,31 

■ 26.7 

35.6 : 

•37.7 

4 . 

56287 

21 

12.7 

0.32 

14.8 

25.6 

59.6 

5 . 

6. 

56288 

22 

17.5 

0.30 

12.0 

34.3 

54.2 

56289 

23 

22.0 

0.32 

13.8 

56.3 

32.9 

• 7. 

56290 

24 

26.6 

0.38 

11.5 

69.3 

18.2 

8. 

56291 

25 

21.7 

0.34 

16.3 

47.7 

36.a 


The top seventeen feet of the above profile are sandy (sand more than 80.6% 
and the salt concentration is less than 0.15 percent), which clearly indicates that 
there is no danger of the rise of salts in such type of profiles. It is very interesting 
to find that, from 29th ft. to 56 ft. depth, the salt concentration is below 0.15 % as 
the sand content is above 80.0 %. From 56 to 59 feet depth the variation 

total salts and the clay, silt and sand percentage are as 

follows. 


S.No. 

Regd. No, 

Depth 
in ft. 

Moisture % 

Total 

Salt 

% 

Clay % 

Silt % 

Sand % 

1. 

56322 

56 

19.1 

0.80 

18.0 

50.2 

31.8 

2. 

56323 

57 

1-4.1 

0.48 

20.5 t 

38.9 

39.6 


.56324 ' 

58 

16.0 

0.60 

25.0 

• •• 


■ 'a'."' 

. I , v,l . 

56325 

' ^ . ... 

59 

15.2 

0.60 

14.6 

37.3- 

:48.i ^ 
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' ■ Tlie moisture content above 55 ft. . depth is below- 5..0 percent. The- results 
- of - the above table confirm that in unirrigated areas a sort of equilibrium is esti^ 
-lished as regards the retention of moisture and total salts. In these areas, whefc 
the top is comparatively sandy as compared with the underlying layers, therms.’ is 

• very little chance of the formation of saline soils. Therefore a detailed soil survey 

• is necessitated for demarcating those zones, which are not amenable to a sa.iihe 

• formation. Such advanced information will go a long way in chalking out the 

■programme of land improvement. : 


II. Determination of Moisture Equilibrium at which tlie capillairy permea- 
bility is *ero. 

' ■ " The second experiment sought to determine the comparative moisture content 
pf soil and sand at which there was no transference of moisture or salt. Eight 
sets of glass tubes as detoribed under the caption “Experimental” were half filled 
with soil, containing about 1% clay and half with sand. Both the toil and sand 
I were^ kept at the same moisture content varying from 5% to about 20.0%. After 
seventy two hours the soil, and sand samples were taken for moisture estimation. 
It was inferred that the moisture content at which the capillary permeability was 
zero was 17.25 per cent. This meant that no salt movement could take place from 
the sand to the soil if the moisture content of both soil and sand was 17.25 
per cent. 

“ ■ The results of the above experiment were further confirmed by taking glass 
- tubes 12" long and the following sets were prepared. 

Isi'Sil. 

. . Xop s= Soil containing 1.0% NagSO*. ■ . 

Middle 4" = Sand. 

" Bottom 4" = Soil. 

find Set. 

- ■ ■ Top 4" « Soil. 

Middle 4" = Sand containing 1.0% Nag SO*. 

Bottom 4" = Soil. 

lllrdSet. 

Top 4" = Soil. 

Middle 4" = Sand. 

, . _ , ^ Bottom 4" = Soil containing 1,0% Na„Sp*. 

....... The moisture, content of the whole tube was maintained from 5,0% to 20.0 

per cent. Both the ends of the tubes were properly waxed in order to . avoid apy 
evaporation. Twelve such sets of tubes were kept, three for 5.0 %, three for lO.O %, 
three for 15.0?$ and three for 20.0% moisture content. Soil and sand samples were 
faken after seventy-two hours and analysed for moisture and .s.alt conteiit. ^ In .wm 
observed that the salt movement took place only from sand to the soil portion,. «p|o 
15,0 moisture content. When the moisture content of the soil and sand portions 
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at I8k%, the 'movement of salt took plaae from the top soil to the lower 
layers of aaud and soil. Even some movement of salt was observed from the bottom 
layer of soil to the sand portion. This means that when the field capacity ».<(, the 
maximum water holding capacity of the soil is satisfied, there is likelihood of the 
-movement of moisture and salts, taking place from the soil to the sandy horiason* 
Therefore, it is very necessary to know before hand the conditions under which 
' thfi movement of moisture and salt can take place from the saline subgrade 
upwards through the sandy carpet over laid for the prevention of the upward rise 
of salts. Asghar and Dhawan (2) had investigated the same effect with a soil con’- 
taining about 17.0 % clay. 

m. Experiments were next conducted to study the moisture content at 
which the capillary permeability becomes zero at different moisture contents in the 
soil sand moisture system. The detailed technique of the experiment has been 
discussed under ^‘Experimental. The following were the broad conclusions drawn 
^ from the above study, 

(a). No movement of moisture took place from the soil to the sand upto 
about 15.0%. (4) The movement of moisture from the soil to the sand made its way 
as follows 

.. ^ TABLE IV 


Moisture content of the soil and sand at which movement of moisture tookplace 


S.No. Soil Type 

Initial moisture 

content % 

Final Moisture Content % 

Soil 

Sand 

Soil 

Sand 

1 . Soils passing 

60 mesh. 

... I8.7ji 

.3.5/, 

15.8/. 

5.8% 

2* Soil passing 

100 mesh. 

... 19.5% 

4.8% 

17.6% 

7.2% 

3. Soil passing 
120 mesh. 

... 18.a;j 

4.0/. 

18.9% 

4.9% 

4. Soil passing 

300 mesh. 

... 19.4% 

4,6% 

19.5% 

4.0% 


A glance at the above table shows that in finer soil, the higher was the mois- 
ture content at which it could release moisture to the sandy stratum. This shows 
that the surface area of the soils is mainly responsible for the determination of the 
direction, rate and the extent of the moisture movement. 

The above results were further confirmed by studying the movement ot 
different sodium salts from the sand to soil at moisture contents varying from 5% 

to 15%. 


i 96 ] 



u long pyrex glass tabes of one inch internal diameter were 

halt failed with sand and the other half with soil containing clav 14 4°/ 97 RV 

and sand 57 87% Different proportions of sodium salts i.e. sodium sulphate ‘sodium 
chloride and sodium carbonate were added only in sand. The moisture coAtent was 
kept same in both the sand and soil. 


Thetubes were sealed at both the ends. A pin hole was made at the sealed 
end of the. soil. The salt percentage was 1.5% and the respective concentrations 
in the different sets were as follows 


Sodium Sulphate 

... 0.5% 

0.75 % 

0.375% 

0.375%' 

Sodium Chloride 

0.5% 

0.375% 

0.75 % 

0.375% 

Sodium Carbonate 

... 0.5% 

0.375% 

0.375% 

0.75 % 


The sealed tubes were kept for seventy two hours, after which samples were 
taken from the sand and soil portions for the estimation of individual salts. 
In table VI are presented the comparative percentages of the sodium salts moved 
to the soil and remained in the sand. . A moment’s reflection at the table VI reveals 
that the highest percentage of salt had moved in those sets, containing 10.0% 
original moisture content. Secondly there was no preferential moment of any 
individual salts. ^ 


The interesting observation noticed was that the minimum movement of salts 
took place, when the soil sand system was at 15.% moisture content. The results 
of moisture content both in the soil and sand portions after severity two hours are 
given below 

TABLE V 



Comparative Moisture content 

in soil-sand system after 72 hours 

S. No. 

Type of Stratum 

Initial moisture 
content 
% 

Final Moisture con- 
tent after 72 
hours % 

I 

Sand 

15.0 

, 13.85 


Soil , 

15.0 

15.80 

II 

Sand 

15.0 

14.10 


Soil 

15.0 

18.20 

III 

Sand 

15.0 

14.30 

IV 

Soil 

15.0 

15.60 

IV 

Sand 

15.0 

14,50 . 


Soil 

15.0 

■ 15.70 

V 

Sand 

10.0 

6.85 


Soil 

10.0-- 

15.02 


f 9? ! 


TABLE' VI 

Shoeing comparative movement of Sodium Carbonate, Sodium Gbloride and 
Sodium Sulphate in Sand and Soil System at varying Moisture contents 

after 72 hours 

Total Salts Added = 1.5% 


S. 

No. 

Moisture 

Concentration of Indivi- % 

dual salts in sand added in sand 
(Percentage) Sodium Salt & Soil 

system 

Type 

of 

Stratum 

Sodium 

Carbonate 

0 / 

/o 

Sodium 

Chloride 

/o 

Sodium 

Sulphate 

/o 



After 72 hours 

1. 

Sulphate 33% 

Carbonate 33% 

15.0 

Sand 

17.0 

24.5 

17.0 


Chloride 33% 

15 0 

Soil 

16.3 

8,8 

■ 16.0 

2. 

Sulphate 50% 

Carbonate 25% 

15.0 

Sand 

14.3 

29.3 

35.4 


Chloride 50% 

15.0 

Soil 

10.7 

5.7 

14.6 

3. 

Sulphate 25% 

Carbonate 25% 

15.0 

Sand 

11.5 

40.15 

13.8 


Chloride 50% 

15.0 

Soil 

13.5 

9.85 

11.2 

4. 

Sulphate 25°/J 

Carbonate 50% 

15.0 

Sand 

33.1 

20.0 

13.0 


Chloride 25 i 

15.0 

Soil 

16.9 

5i0 

12.0 

5. 

Sulphate 33% 

Carbonate 33% 

10.0 

Sand 

15.6 

15.9 

16.8 


Chloride 33% 

10.0 

Soil 

17.5 

17.4 

16.5 

6. 

Sulphate 50% 

Carbonate 25% 

10.0 

Sand 

12.5 

15.8 

26.11 


Chloride 25% 

lO.O 

Soil 

12.5 

9.2 

26.11 

7. 

Sulphate 25% 

Carbonate 25% 

10.0 

Sand 

11.8 

26.4 

12.7 


Chloride 505;! 

10.0 

Soil 

13;2 

23.6 

12.3 

8. 

Sulphate 25% 

Carbonate 50% 

10.0 

Sand 

25.0 

11.8 

11.2 


Chloride 25 % 

10.0 

Soil 

25.0 

13.2 

14.8 

g. 

Sulphate 33% 

Carbonate 33% 

5.0 

Sand 

17.2 

19.1 

20.9 


Chloride 33% 

5.0 

Soil 

16.1 

14.2 

12.4 

10. 

Sulphate 50% 

Carbonate 25% 

5.0 

Sand 

13.9 

15.4 

34.4 


Chloride 25% 

5.0 

Soil 

11.1 

9.6 

15.6 

11. 

Sulphate 25% 

Carbonate 50% 

5.0 

Sand 

33.8 

15.0 

15.3 


Chloride 25% 

5.0 

Soil 

16.2 

10.0 

9.7 

12. 

Sulphate 25 % 

Carbonate 50% 

5.0 

Sand 

14.5 

31.5 

14.0 

timm, 

Chloride 50% 

5.0 

Soil 

10.5 

18.49 

lUO < 


! 38 ! 


VI 

Sand 

10.0 

4.-: 


Soil 

10.0 

15.37 

VII 

Sand 

10.0 

5.04 


Soil 

10.0 

. 15.43 

VIII 

Sand 

10.0 

5.42 

IX 

Sand 

5.0 

3.09 


Soil 

5.0 

7.20 

X 

Sand 

5.0 

3.09 


Soil 

5.0 

7.74 

XI 

Sand 

5.0 

3.05 


Soil 

5.0 

7.63 

3tll 

Sand 

5.0 

3.02 


Soil 

5.0 

7.91 

It was inferred 

from the results 

of the above experiment that the minimum 


movement of moisture was held in the set placed at 15.0% moisture content and 
ne maximum movement of moisture took place in the system containing 10.0% 
moisture content. o /o 


the movement of salts is governed by the movement 
oisture. As the movement of moisture at 15.0 per cent was minimum, hence 
e movement of salts was also minimum at this moisture content. It, therelbre, 
n ica es that near about this moisture content the capillary permeability was 
pproac ii^ zero' value, hence the movement of salts was minimum. These results 
ur er end support to the idea that with soils of varying mechanical composition 
. , P,^^ "^hh each other, no further movement of moisture or salts 

both the horizons is near about the moisture 
content at which the capillary permeability becomes zero. 


results of the above investigation need to be applied in framing a pro- 
gramme of land improvement. Land improvement does not consist only in the 
reclamation of detoriorated lands, but also in maintaining its original fertility The 
mam factor governing these operations is the soil moisture system. DeHnite ’irriga- 
lons are to be given to see that the whole of the salt is completely removed from 
^ proper crop-rotation is to be recommended, which may not produce 
^P^ causing rise of salts. Hence it is very essential 

that special importance should be given to the soil moisture system of the soil 
• taken up for land improvement. It does not need any emphasis to say 
tnat faulty irrigation cum agricultural practices have been greatly responsible for the 
formation of saline soils. 


SUMMARY 

The following conclusions were drawn from the above investigation : — 

(*) Positively highly significant correlations were found out between the 
natural moisture content any clay and (clay plus silt content) of soil? 
unirngatcd profiles. 


( 1 


V 



(it) A sort of moisture-e^uilibriuna is established between the different 
horizons of the soil profiles, which is disturbed only by rainfall, 
irrigation or fluctuations in climatic elements. The disturbance in 
the moisture equilibrium initiates salt movement. 

(iii) The moisture and salt movement are stopped between the adjacent 
horizons, when their capillary permeability becomes zero. 

(iy) The moisture content at which the capillary permeability of soils 
becomes zero depends on the structure etc. and their comparative 
moisture content. 

(v) The finer the soil, the greater is its capacity of the retention of mois- 
ture content above which it can release moisture to the sandy soil. 
This shows that the specific surface of the soils may be responsible 
for the determination of the direction, rate and the extent of the 
moisture movement. 

(ui) When the mixture of sodium salts sodium sulphate sodium 
chloride and sodium carbonate are present in the soil, there is no 
preferential movement of any individual salts, 

(yii) For successfully carrying out the programme of land improvement, a 
true knowledge of soil-moisture system of the profiles is very essential, 
before one can recommend the correct type of crop-rotation and 
other measures. , 
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A EXAMPLES SHOWING USE OF HYPO-EtASTICltY tsk 

PLASTICITY 

By 

p; D. S. VERMA fl/iii S. B. SINHA 

Dipartment of Appl. Mathematics, Indian Institute of Technology, Kharagpur 
[Received on 24th May, 1961] 

abstract 

■ Two nroblems. solid rotating sh^t and pure shear under loading, have been discussed without 
using any approximation to iUustrate the use of bypo^asticity m plasticity. 


1. INTRODUCTION 

. A general theory of work-hardening ^compressible plastic materw^^^^ 
develop^ by Greeni as a special case of Truesdell s® theory of hypo-elasticity. 
Equations have been obtained for a single loading followed 

attention has been drawn to materials for which the the corres- 

fbr unloading in simple extension is linear. Using a particular c 
ponding constitutive equations . for loading, which is a . 

suggested by Prager* applications have here been made to a couP^® of ^ 

a solid rotating^haft and pure shear. We are ab e to /he comtitutivc 

equations without using any approximation, For large va ue ’ • jg 

generally the case, we hnd that the transition 

gradual as in simple extension and that the approach to the ye ^ 

ra:pid. The stress reaches the yield value for quite small values of strain. 


2. BASIC EQjaATIONS 


The constitutive equations for loading, 
incompressible hypo-elastic materials exhibiting 
follows : 


as established by Green\ for 
the work-hardening property are as 


where 




i - I ‘j + ' 


m/L, .i 

+ gxl 




m 


‘1 ^ m 


p m 


1 r . 
3 ■'r’ 


'j “J 3 U r ’ J 1 > 


and d\ is the rate of deformation tensor. 

I ^ 



The equations of motion 


2 m ,j + PF^ == 


P ( —— + ) 

0/ ,m/, 


where is the body force vector per unit mass, the comma denotes covariant 
derivative and is the shear modulus. We are taking twice the shear modulus as 
the unit of stress. 

The equation of mass is . . . . , . 


r .=0 


(2.3) 


where is the contravarient velocity field. 


3. SOLID ROTATING SHAFT UNDER SIMPLE EXTENSION 

Referred to fixed cylindrical system of coordinates, we take the physical 
components of the velocity field as mentioned below : 

m=A f e, zi=r me , £«= - 2Aze, (3.1) 

where A is a given constant, to is the constant angular velocity of the shaft and « is 
a function of time to be determined. The rate of deformation tensor becomes 


" Ae 

o 

o-^ 


O 

Ae 

o 

(3-2) 

w o 

O 

— 2As > 



We assume the extra -stress tensor in the form 

r . -.1 

I tl O O I . 

4 tl . oy 

j , I = - I 

j^o o l| j 

so that = o. 


(3.3) 


and where , ig are functions of r, t and Z. 

From (3.2) and (3.3), we have 
M=3A‘e J 


(3.4) 
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(3.53 


Mow out of tiie equations (2.1) to (2.3) some reduce to 

-24 /i ==I + 2a*,if| , 

0 ^ dr 0 ^ 


1 

0 

i 0 

+ 

- 

2z^ i| 

= 1+2 a9t| 

^3 > 



(3.6) 

As 

d‘ 

A 

dr 

02 






1 

0 

■‘i 

+ 

r^-tl - 

2zl- 

« - 2 + 2a3 

( 

y 


(3.7) 

As 

dt 


0r 

02 





9 

' 0 r 


+ 

V( 

t\ -tt ' 

) ~- 
/ 2/^ 

r • As + £* ( 

AS- 

”’)l 

.3^ . 
0r ’ 

(3.8) 


^ A { 2Ae* - « )= (3*9) 

dz ^ / 0^ 

while others are identically satisfied. 

Solution of (3.7) gives 

/3 ^L- tanh |[ 2 a I ^ r ^ ^ ^ — Ac | ]" (3*10) 

where </> is an arbitrary function. 

If we look at the equation (3.8) keeping the finiteness of stress at r = 0 m 
view, then we can, without any loss of generality infer from (3,5) and (o.uj v 


z’- — 


Therefore from (3.3) and (3.10) we can say that 


tanh f2a- e ze )}X 


<!--?■ 2 . 

which, does satisfy (3.5) and (3.6) leaving ^ still undetermined. 

Integrating equation (3.8) partially w. r. t. ‘f’ and observing that 


(3.11) 


<1 = *5 we get 

- p = Jl[ As +> (AS - «a)] - nt, t)r (3-12) 
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where F(5:, t) is another arbitrary function. 
Since = 0 at r =a, we must have ; 


F(5:, /)= 4- + ], 


and hence 




j Thusrwe can Write 

p-l Unh [ 


2a 


Ae- 4>{ re"^^, 2 6 ^^® ) •] 


4/^ 


{r^--a^)[Ae+e^ (A^-co")]. 


Substituting this value of p in (3.9) and using (3.10), we get : 


^ 2a 


Aer-<f> ^5 

d<h 


Ae 2Air 
n e , ze 


)li 


. . 0(20 

This can be satisfied when 
d4> 


— e^-^® +- 2 A (2Ae*-y)=0. 
-2As\ /* ^ ' 


=0 and 2A«®~8=0 

<“ ) 

unless a is small which is not physically the caSe 
Therefore we have 

.#)S=<#>^ ) and £ = (-<1/2 A) log {C (5 + 2A/)}, 

where C and B are arbitrary constants and can be easily determined by 
conditions like e = %, when t = 0. This equation (3.16) shows that in 
not arbitrary . 

In this way we arrive at 

“4 =^(^''-«*)(3A»-..2)(4.2A< + BrV 
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(3.13) 


(3.14) 


(3.15) 


(3.16) 

imposing 
(3.1), e is 


4 


(3.17) 



(3.18) 


2a 


tanh 




where 

end. 


^(f «■ 


-Ae 


+ {r'^ - a^) (3A2 - ofl>) (+2Ai + Bp, 

) can be determined from ilhc load distribution over the plane 
3' . REMARKS 

If a is large, as generally is the case, it is obvious that the transi- 
tion from elastic to plastic region is gradual and that the approach to the 
yield stress is quite rapid in the case of a solid cylindrical shaft rotating with 
constant angular velocity o> under a given load distribution at the ends* 

4. PURE SHEAR UNDER LOADING (varying with time) 

Referred to fixed cartesian system of coordinates, the velocity field is 

£4 = £, = — cyR^ <i) = 0 (4’1) 

where e is a function of and c is a given parameter. 

The rate of deformation tensor is 


(4.2) 



" CE 

o 

o 


O 

. — Cs 

o 

1 

.O 

o 

o 

extra stress tensor in the form 



■ T 

s 

o 

i' == ^ 

S 

-T 

o 

1 O 

O 

o 

Such that /i 4-^1 

+ - 0. 



(4.3) 


and S and T are functions of t oaily. 

Here M = 2Tce 

Out of the equations (2.1) to (2,3) some reduce to 

dS 4 


dt 


a® T S c E, 


(4.4) 

(4.5) 

(4.6) 
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(4.7) 


(4.8) 

and others are identically satisfied. 


Now on integration, the eqnations (4.5) and (4.6) give : 



(4.9) 

where T = 0 when € =■= 0 


and S = B sech ( \ 

(4.10) 

where B is a constant. 


From (4.7) and (4.8) we have 


p — + (cs® — s)j>® ]. 

(4.11) 

Thus the stresses are 


SI — T + [ (e + cs^) (ce2_g) jSjj 

(4.12) 

S| = - T + [ (i+ee^) A;2+(«£a-e)y J, 

(4.13) 

Si = ~ [(s+es'2)*a+ (ce^-a)/]. 

(4.14) 

Si = S. SI = S| =0, 

(4.15) 


where T and S are given by (4.9) and (4.10). 

If we neglect the inertia terms, our solution becomes 


Si = - Si =T,Si =S| = S§ =0. (4.16) 

provided we choose B such that S = 0 when e = 0 

The relations (4.16) are enough to suggest, for large a, the gradual transition 
from elastic to plastic region and that yield stress is reached for small values of the 
strain in the case of Pure Shear depending on time through s. 
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Chemical Laboratories, University of Allahabad, Allahabad 
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ABSTRACT 

3, 6-Dipheiiyl - Z.^4 -^tetrahydropthalic anhydride has been prepared and condensed with different 
phenols and the phthaleins obtained have been studied and compared with phthaleins from phthalic 
anhydride. The resorcinol phthalein has also been brominated and acetylated. The effects of introducing 
phenyl groups and also of decreasing unsaturation in the phthalic acid portion of phthaleins have been 
observed* 


^1, 4-Diphenylbutadiene (III) has been first prepared starting from phenyl 
acetic* acid (I) and cinnamaldehyde (Iiy. The diene (III) has been further 
condensed with maleic anhydride (IV) to obtain 3, 6-diphenyl - A* - tetrahydroph- 
tbalic anhydride (V)^. » p / ^ 

PbO 


(a) CgHsCHa COOH + GeH 5 GH=GH.GHO 


(I) 


(II) 


(CH3 G0)2 O 
CeHg.GH =CH - CH^GH.Gr^Hs-hCOa + H^O 


(III) 


GH 


// 

{b) CH 

1 

OH 


•4" 


CH 

I 

CeHs 

(HI) 


CH-CO-. Xylol 

II \o > 

CH— CO/ Reflux (7 hrs.) 


(IV) 


CsHs 

I 

CH 

/ \ .CO 

CPI CH/ \ 

II I O 

CH GHv / 

\ / \go 

CPI 

I 

%lrl, 

(V) 


The anhydride (V) thus obtained has been condensed with resorcinol, orcinol, 
phenol, phloroglucinol, pyiogallol, catechol, quinol and o-cresol. The phthalein 


*Presetd address : Bkla College, Pilani (Rajasthan). 
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type of dyes obtained have been purified and analysed. The resorcinol compound 
has also been brominated and acetylated. Some of these dyes have been studied 
spectrophotometrically using British “Unicam Spectrophotometer.” The absorption 
maxima obtained have been compared with those of phthaleins from phthalic acid. 

The phthaleins obtained are of the following types: 


Phthaleins — Type 1 
i O I 


Ra, 


PhRi Ri 

\ 

113 1 \ 

lid 2 / 

\2/\ / 

I \/ 

Ph GO 


-RS 

R2 


Where Ph = CgHs 


VI: Ri=Ra = R4=H; R3= -OH VII: Ri= -GH3;Ra = R4=H;R»=- - OH 

VIII:Ri-R3= ~ OH;Ra=R4=H. IX: Ri = R2 = H; R® = R'^ = - OH 
X: Ri=Ra=R8=:H; R'i= -OH. XI: Ri = R3=R4 = H; Ra= -OH 
XII:Ri=H;R"=R^= -.Br;R3^ -OH. XII: Ri=Ra=R4=H;Ry= - OGOGH* 


Phthaleins 

Ra 


Type 2 
R2 


Rl. 




.Rl 


Ph G 

I /\ 

\ 

> 

Xa/V Z' 

I \/ 

Ph CO 


XIV: Rl aa ^OH ; Ra «PI 


XV:.Ri^ - OH; Ra = -GH. 
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ESCPERIMENTAL 

. w)> 4-Dipheayl butadiene (III) was 6rst prepared, starting from phenyl acetic 
acid (I) and cmnamaldehyde ([l)i. The diene (Hi) after crystallisation, melted 
at 153^. 

The diene (III) was then condensensed with maleic anhydride (IV) by the 
method of Kuhn and Wagner- Jauregg^, as follows : 

1, 4-Diphenylbutadiene (10*3g) and maleic anhydride (4*6 g) were dissolved 
in 50 ml of xylol by warming. The mixture was refluxed for seven hours. After 
cooling, the colourless crystals were filtered and washed with some xylol and 
ethanol. The anhydride (V) thus obtained was purified by recrystallisation from 
chloroform. The yield of the purified 3, 6-diphenyl - - tetrahydrophthalic 

anhydride, m. p. 203°, was 11 gm. This anhydride was then used for the prepara- 
tion of the corresponding phthalein type of compounds given below: 

Resorcinol-3, 6-diphenyl - - tekahydrophthalein (FiJ — An intimate mixture 

of anhydride V (3 g.) and resorcinol (2T7 g) was heated for 3 hours at 180° in 
presence of 3-4 drops of Cone. H^SO^ as condensing agent. The product, after 
cooling was extracted with dilute NaOH and filtered. The dye was then precipi- 
tated by gradually adding dil, . HCl to the alkaline filtrate. The crude dye was 
further purified by a second precipitation, followed by crystallisation from ethanol. 
It was then dried at 110° in the electric oven. 

It is a red crystalline substance, m. p. 230°. The ethanolic solution is wine-red 
with a light green fluorescence. On adding alkali the solution turns intense wine-red 
with green fluorescence. (Found: Cj== 78*5 ; H=4*94. requires C = 78*69 ; 

H = 4*91%). 

Orcinol ---3, 6 — diphenyl-^ -^tetrahydrophtkalein {VII) - An intimate mixture of 
anhydride V ( 1 g.) and orcinol (0*82 g) was heated for five hours at 150° to 170° in 
presence of 2 drops of Gone. H2SO4 as the condensing agent. After cooling, the 
condensed product was powdered, extracted with dil. NaOH and filtered. The 
dye-stuff was precipitated from the alkaline filtrate by dil. HGl. It was further 
purified by crystallisation from ethanol and dried at 110^ in the electric oven. 

It is a brown red substance, m. p. 220°. The ethanolic solution is yellow and 
slightly fluorescent but on adding alkali, changes to wine-red with green fluorescence. 
(Found: G=78*9 ; H = 5*45. requires G = 79*07 ; H = 5*42%) 

Phloroglucinol -3, 6 — diphenyl- — tetmhydrophthalein (Vlll) - The anhydride 
V (1 g.) and phloroglucinol (0.83 g) were intimately mixed and heated at 180 to 190'-' 
for 3 hours in presence of 3 drops of Gone. HijSO^ as condensing agent. The product, 
after cooling, was extracted with dil. NaOH and filtered. The dye-stuff was then 
precipitated and purified like the resorciool enmpound (VI), above. 

It is a dark red crystalline substance, m. p. 245°, which dissolves in ethanol 
giving a yellow solution which turns blood red on adding alkali. (Found : 0=:73*S; 
Hs=:4*65. requires G=73*84 ; H=?4*62%). 

Pyrogallol - 5, 6 - diphenyl - “ tetrahydrophthdein (JZ)— An intimate mixture 

of anhydride V (1 g.) and pyrogallol (0"83g) was heated for about five hours at 160 
to 180° in presence of 3 drops of Gone. H3SO1 as the condensing agent. The 
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Condensed product was crushed to a fine powder and washed with water. It Wxs 
then extracted with very dil. NaOH and filtered. The dye-stuff was precipitated 
by adding dil. HGl to the alkaline filtrate. It was further purified by a second 
precipitation and crystallisation from ethanol. It was then dried at llO^ in the 
electric oven. 

It is a black powder, ra. p. 240^, which dissolves in ethanol giving a brownish 
yellow solution which turus red brown on adding alkali. (Found : G = 73*8 ; 
H=4’64. CaaHaiO^ requires G=73*84 ; H-4-62%). 

Catechol ---3^ 6 -^diphenyl /\^-tetrahydrophthalem (X) — was obtained from 
anhydride V (I g.) and catechol (0 82 g) in the same way as the pyrogallol 
compound {IX) above. 

It is also a black substance, m. p. 240®, which dissolves in ethanol giving a 
brownish yellow solution which turns red brown on adding alkali, (Found: G=78*5; 
H=4’93. GgaH ^405 requires G = 78'69 ; H=4*9l5f^). 

Qyionl'^Sy 6 -‘diphenyl — — tetrahydrophtkalein {XI) — hn intimate mixture of 

anhydride V (I g.) and quinol (0*82 g) was condensed and the dye-stuff obtained in 
a similar way as the the pyrogallol compound (IX) above. 

It is a black powder, m. p. 242®, The ethanoiic solution is brown which 
turns red-brown on adding alkaii. (Found : Gs=^78*4 ; H=4*94'G32H2405 requires 
G-78*69;H==4‘91%). 


Tetrabromoresorcionl -3,6^ diphenyl — - tetrahydrophthalein — (XII). It was 

obtained by brominating resorcinol -- 3, 6 — diphenyl tetrahydrophthalein (VI) 

by the method of Baeyer® (Preparation of eosin frrm fluorescein). 

It is a deep red crystalline substance, m. p. 210*^. The ethanoiic solution is 
pink which changes to a red with green fluorescence on adding alkali. (Found: 
Br = 39-47. CgaHaoCfiBr* requires Br = 39*77%). 

Resorcinol 3, 6 diphenyl - A tetrahydrophthalein diacetaieiXlI^^-lt was 
obtained by acetylating the resorcinol compound (VI) with acetic anhydride in 
presence of fused sodium acetate. The compound was purified by crystallisation 
from ethanol. 

It is a brown crystalline substanee, m, p. 230*^ (Found : G= 75*3; H=:4*91. 
requires G = 75*52 ; H = 4*89/o)« 

Phenol -^3, 6 — diphenyl— tetrahydrophthalein {XIV ) — A mixture of anhydride 

(V) (2g.) and phenol (4 g.) was heated at 110® to 115° for about 12 hours in presence 
of 6 drops of Gone. as condensing agent. The condensed semi-solid mass 

was poured into 50 ml of water and the excess of phenol was removed by steam 
distillation. The crude solid residue was extracted with very dil. JNaOH and the 
phthalein precipitated by adding dil. HGl to the alkaline filtrate. The compound 
was further purified by decolourising the ethanoiic solution with animal charcoal 
and then crystallising the subsequent compound with an ethanol-water mixture 


It is a dirty white substance, m. p. 160^. The ethanoiic solution is slightly 
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yellow and turns deep pink on adding alkali. (Found : G=80'8 ; H = 5‘51’G32H2804 
requires G 81*01 ; H=5*48%). 

o-Gresol - 3,6 - diphenyl - A* “ tetrahydrophthalein - {XV)-~A. mixture of 
anhydride (V) (2a.) and o-cresol (4g) was heated at 100° to 110° for 14 hours in 
presence of 6 drops of Gone. H^SO^ as condensing agent. The condensed semisolid 
mass was treated as in case of phenol^ compound (XIV), above, and the dye 
extracted, purified, and crystallised in a similar way. 

It is a whitish brown substance, m. p. 143^. The ethanolic solution is light 
brown, ovhich changes to a purple pink on adding alkali. (Found . G = 81 i ; 
H=6-0 G34H30O4 requires G = 81-27 ; H=5*97%). 

The absorption maxima (\ max) of some of these compounds were determined 
in neutral and alkaline ethanolie solutions using British ‘‘Unicam’’ spectrophotometer 
(Table I and II)^. The maxima for phthaleins form phthalic anhydride were also 
determined using the same apparatus, under similar conditions. 


TABLE I 

Showing X max of phthalein type of compounds in ethanolic solution containing 

a dropof5% NaOH 

Phenols 

Phthaleins 

3, 6 — diphenyl - A*" 



letrahydrophthaliens 

Resorcinol 

500 (fluorescein) 

505 m/A 

Orcinol 

500 mf^ (Orcein) 

5 10 

Phenol 

560 m/* (Fhenolphthalein) 


Phloroglucinol 

470 

460 

O-Gresol 

570 in/'*' 

575 

Tetrabromoresorcinol 523 (eosin) 

54O xnP 


table II 


Showing X max 

of a few phthaleins in neutral ethanolic solution 

, A 4. 


3, 6 diphenyl - A ^ 

Phenols tetrahydrophthaleins 


Resorcinol 

Orcinol 

Tctrabromoresorcinol 

Phloroglucinol 


445 ml^ 
445 

530 m}^ 
430 
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^ The authors express their siaOere thanks to the authorities of Allahabad 
University, Allahabad, for providing the necessary facilities, 
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ENGINEERING PROPERTIES ' OF SOILS : ■ 
PERMEABILITY OF SOILS 

By 

G. L. DHAWAN 

Irrigation and Power Research Institutey Punjab^ Amritsar 
- [R.eceived on 26th June, 1961] 

ABSTRACT 

The results of water and pertneability. obtained on undisturbed soils indicate negative but 
significant correlations between water permeability and soil particles below 0.G02 mm or 0.005 mm and 
0 . 0 i mm. The density of a soil also affecis its permeability. Positive significant correlations exist with 
D^o or D 70 of soils. 

Air permeability is mainly governed by its cohesion, -which ds better index of the hardness of 
soils than its dry bulk density. 

The permeability of the soil for water or air is a function of the amount 
and size distribution of the pores. Asghar and Dhawn (2) concluded from their 
experiments that the permeability of a soil depended on the clay percentage, 
dispersion coeflScient and dry bulk density. 

Slichter (9) proposed a formula for the permeability of soils. 

1440 X 0.212 X 

UKi 

Mean diameter of the soil grains. 

Coefficient of viscosity of water. - 
Constant which depends on the porosity of the soil. 

Hazen (6) found that the permeability of sands in a loose state depended on 
two characteristics, that he called the effective size and the uniformity coefficient. 
The effective size is the diameter which corresponds to 10% on the grain 
ize diagram. In other words 10% of the particles are finer and 90% coarser 
sthan the effective size. The uniformity coefficient U is taken as the ratio of Dqq 
to where in is the effective grain size relating to P=60%. With the further 
advancement in scientific knowledge the ratio was considered more signi- 

ficant than DqqIDjq. 

A knowledge of the state at which water moves through undisturbed soils, 
after they have been saturated is of fundamental cum practical importance in the 
domain of soil engineering. Therefore an attempt was made to determine the 
permeability of undisturbed soil samples in order to investigate the effect of size 
particles and the effective size grains on the permeability of soils and to see 
whether some single-value soil constant was responsible for controlling the 
permeability, 4 . 

EXPERIMENTAL 

The following studies were conducted. 

1. Thirty five undisturbed soil samples were taken. They were analysed 
for the following soil constants. 

(i) Natural dry bulk density. 

(ii) Mechanical analysis. 

(in) Effective grain sizes to Dqq) were calculated from the summation 
curves drawn for each soil. 

t j 


Permeability Goefficent 

Where d 
U 
Kt 



(iv) The permeability was determined under a constant head permeame- 
ter at a gradient of 1:24. It was expressed in cusecs 1 per million 
sq^ ft. For the mechanical analysis, the soils were dispersed by the 
method investigated by Dhawn and his coworkers(4). 

2. Fourteen undisturbed soil samples were tested for their air permeability 
and the comparative effect of different size particles and cohesion on air permeabi- 
lity was investigated. The air permeability of soil was determined by the method 
proposed by Kirkham (5) and the cohesion was found out by a cohesion machine ^7). 

DISCUSSION OF RESULTS 
Diagrammatic Representation of Analytical Results, 

To facilitate the comparision between the various soil characteristics, the 
results of analysis have been represented graphically in Figs. (I-VIII) 



MM 'OCS MM 'Ol MNf 


Equivalcat D/N of SoiJs at 2.0. 
t ig. X. Relation between D 20 and Permeability of Soils- 
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Equivalent Diameter of Soils at D 30 
Fig. II. Relation between D 30 and Permeability of Soils. 



Fig. in, Relation between D 40 and Permeability of Soils. 



Equivalent of Soils at D 60. 

Fig, V, Relation between D,.6P and Permeability of Soils. 
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Equivalent Diameter of Soils at D 70. 

Fig. VI. Relation between D 70 and Permeability of Soils. 




Equivalent Diameter of Soils at D 80. 

Fig. VII, Relation between D 80 and Permeability of Soils. 
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0 ^ ^ ^ 

Ago* 

Equivalent Diameter of Soil T. 090. 

Fig. VIII. Relation between D 90 and Permeability of Soils. 

Statistical Treatment of Analytical Results, 

An examination of Figs. (I-VI 1 1) brings out diagrammatically the following 
relationships between the different soil constants : — 

(a) Permeability and percentage of particles below 0.002 mm. 

{b) Permeability and percentage of particles below 0.005 mm. 

(c) Permeability and percentage of particles below 0.01 mm. 

(d) Permeability and 

(e) Permeability and 

The following are the notations used in the statistical interpretation of analy- 
tical results* 

Variable 1 = Permeability 

Variable 2 ==: Analytical results for the characteristics uuder consideration 

i.e, and to 

== Total correlation between varial)lcs 1 and 2. 

[ 1 , 
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table 1 


Correlation between Permeability arid Certain Soil CharacteiisHcs 


S. No. 

Soil Characteristics No. 

of observations 

r 1.2 

Remarks; 

1. 

Particles below 0.002 mm. 

35 

-0.551 . 

Significant 

2. 

Particles below 0.005 

35 

-05661 

Significant 

3. 

Particles below 0.01 mm 

35 

-0.440 

Significant 

4. 

Product of percentage 
of particles below 0.002 
mrn and natural dry 
bulk density. 

35 

- 0.5393 

Significant 

5. 

Product of percentage 
of particles below 
, 0.005 mm and natural 
dry bulk density. 

35 

,-0.6327 

Significant 

6. 

Product of percentage of 
particles below. 0.0 1 
mm and natural dry 
bulk density. 

35 

-0.5604 

Significant 

7. 

•^flO 

35 

+ 0.4473 

Significant 

8. 


35 

+0.4759 

Significant 

were 

The correlations of permeability 
insignificant. 

with £> 10 , Dao. 

-^30> *^40 > 

*^80 


The correlations of permeability with percentage of particles below .002 mm, 
below .005mm or b?low .01 mm are negatively significant on 1% level of significance, 
which shows that the high permeability is associated with low percentage of these 
particles. Slater and Byers (10) found a correlation between the order of permea- 
bility and the percentage of silt in the soil. These results lend support to our 
findings that there exists a negative significant correlation between the permea- 
bility and percentage of particles below, 002 mm or .005 or O.l mm. All the particles 
lying between .002 mm and .01 mm are classified as fine silt. 

It is well known that when a soil is compressed, the volume occupied by 
its solid constituents remains practically same, but the volume of the voids 
minimises. As a consequence, the permeability of the soil is bound to decrease. 

The results of statistical analysis given in table I show^ clearly that the 
correlation coefficients of the product of the dry bulk density with the different 
size gradings are correspondingly greater than the correlation coefficients of 
size gradings alone with the permeability. This confirms that the dry-bulk density 
also affects the permeability of soils. 

As pointed out in the introduction some of the workers like Hazen have 
pointed out the effect of the average size of the soil particles on the permeability 
of 9 oils, 
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The correlation coeflElcieats of the average grain size, of the soils, ranging 
from Diq to were determined with the permeability. The results of analysis 
did not exibit any relation of permeability with to and Dgo- Significant, 

positive correlations were found with and (Table 1). A glance at the 
Figs. (III-X) also reveals the same fact. Though these results are contrary to 
Hazen’s conclusions, yet they indicate that neither the very low average size 
grading nor very high average size grading can bear any relation with the perrnea- 
bility coefficient. Dqq and £>7^3 are more near about the noncapillary sizes which 
in otherwords confirm the findings of Baver (3) that the permeability of a soil 
is governed mostly by its non-capillary porosity. Permeability of soil for water 
is unquestionably a function of the amount of the larger pores. On the basis 
of the present results, it may be concluded that the average size of particles, 
relating to £>00 or £>70 may compare favourably well with the permeability 
coefficient. 

II Air Premeabilitj^ 

In table II are embodied the results of mechanical analysis, dry bulk density, 
cohesion, natural moisture contant & air permeability measured in seconds, 

TABLE II 

Mechanical Analysis^ Dry Bulk Density^ Coesion, Natural Moisture and Air 
Premeability CoeJ^cient of Undisturbed Soils 


S.No. 

Clay % 
particles 
below 
.002 mm. 

Silt % 
particles 
greater than 
.002 mm but 
less than 

0-02 mm. 

Sand % 
(Particles 
greater than 
in 

0.02 but less 
than 2 ,0 mm. 

Dry 

bulk 

density 

iu 

gms/co 

Cohesion 
in lbs/ 
sq/in. 

Natural 

moisture 

Permea- 

bility 

in 

seconds. 

1 

9.3 

17.1 

73.0 

1.60 

21 

3.9 

107 

2 

10.7 

32.2 

57.1 

1.50 

23 

9,0 

231 

3 

11.1 

44.5 

44.4 

1.46 

9 

13,2 

210 

. 4 

12.3 

45.6 

42.1 

1.V6 

11 

4.0 

371 

5 

12,4 

28.2 

49.4 

1.70, 

17 

4.5 

280 

6 

12.2 

28.3 

59.5 

1.60 

22 

3.8 

570 

7 

14.8 

31.9 

53.3 

1.61 

24 

2.5 

302 

8 

16.2 

38.0 

45.7 

1.57 

34 

19.8 

835 

9 

18.0 

34.8 

47.2 

1.76 

14 

10.0 

437 

10 

17.6 

34.8 

47.6 

1.57 

23 

14.6 

193 

U 

19.3 

39.2 

41.4 

1.72 

26 

1.8 

295 

12 

22.0 

38.2 

39.8 

1.76 

37 

5.9 

795 

13 

26.3 

38.6 

35.1 

1.60 

63 

10.7 

2760 

14 

28.2 

45.2 

26 6 

1.59 

57 

10.0 

2595 
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l^he results were subjected to statistical treatment. The correlations 
between clay, silt, sand, dry bulk density and cohesion were worked out and 
are given below : — 


TABLE III 


Correlations Between Permeability and Certain Soil Choracteristics, 


s. 

No. 

Soil of No. of 

Characteristics observations 

T 1.2 

Remarks, 

1. 

Clay H 

+ 0.8368 

Significant on 

1% 

2. 

Silt 14 

+ 0.3732 

Insignificant 


3. 

Sand 14 

+ 0.6729 

Significant on 

1% 

4. 

Cohesion 14 

+ 0.9232 

— do — 


5. 

Dry bulk density 14 

- 

Insignificant* 



TABLE IV 





Mutual Correlation CoeJfic^ents^ 



S. 

No. 

Soil ^ No- of 

Characteristics observation 

Correlation 

coefficient 

Remarks* 

1. 

Clay with sand 14 

- 0.8100 

Significant on 

1% 

2. 

Clay with cohesion 14 

4- 0.8496 

—do — on 

1% 

3. 

Clay with silt 14 

+ 0.4553 

—do— on 

10% 

4. 

Silt with sand 14 

- 0.9810 

—do — on 

1% 

5. 

Silt with cohesion 14 

+ .1184 

Insignificant 


6> 

Sand with cohesion 14 

- 0.5578 

Significant on 5% 
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As expressed, the correlations with clay and cohesion arc highly siguiheant 
and positive. This indicates that a high clay content will impart greater 
cohesion than sand, the correlation of sand with cohesion must be opposite to that 
of the clay. 

Pariial Correlation Coefficient 

In view of the high significant correlations of clay, sand and cohesion on 
the air permeability, it was, therefore, thought necessary to determine the partial 
coeilicient between the characteristics as it would give us an idea of the association 
between the two characteristics, when the effect of the third was eliminated 

TABLE V 

Partial Correlation Coefficients* 

(Eliminating three variables) 

Soil Characteristics Correlation Remarks 

coefficient 


S. 

No, 


L 

Permeability with clay when the 
effect of silt, sand and 
cohesion are deleted out 

-0.00673 

Insignificant 

2. 

Permeability with silt when 
the effect of clay, sand and 
cohesion are deleted out 

- 0.02422 

— do — 

3. 

Permeability with sand when 
the effect of clay, silt & 
cohesion arc deleted out 

-0.011416 

-do- 

4. 

Permeability with cohesion 
when the effect of clay, silt 
and sand are deleted out 

-0.7893 

Significant 


The only significant correlation is with the cohesion. It is, therefore 
concluded that the air permeability is mainly governed by the cohesion. 

The importance of air permeability as a physical characteristic of soils 
was recognised by Renk (8), Wollny (II) and Ammon (1). It is generally believed 
that the higher the compaction, the greater is the obstruction towards air 
permeability. The results of the present experiments prove conclusively that the 
air permeability of soil is mainly dependent upon the cohesion of the soil, cohesion, 
infact, determines the over all texture of a soil. 
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in the case of water permeability, our results pointed out that the premai* 
bility was mainly goverened by the dry bulk density and percentage of particles, 
below .01 mm. Particles greater than .01 mm do not contribute towards cohesion. 
Therefore it is inferred from these results that the permeability of a soil whether 
for water or air is mainly related with the cohesion. Cohesion of the soil perticles 
will undoubtedly affect the PF moisture equilibrium, which is further related 
with the non-capillary porosity or the water permeability of soils. In the case of 
air permeability, the presence of water in the soil pores restricts flow. One 
point of great practical importance emerges out of the above discussion. Hardness 
of soils is classi&ed on the basis of their dry bulk density, which does not seem 
to present a true condition of the soil. A soil having low density and low moisture 
content can be more hard than a soil possessing greater density and greater 
moisture content. Therefore cohesion of a soil is a better index of the hardness 
of a soil. 

SUMMARY 

The following main conclusions were drawn 

(i) Negative significant correlation exists between water permeability and 
the following soil characteristics. 

(a) Clay Particles below ,002 mm. 

{b) Particles below .005. 

(c) Particles below .01 mm(Glay plus fine silt). 

(d) Product of clay and dry bulk density, 

{e) Product of percentage of particles below .005 mm and dry bulk density. 

(J) Product of percentage of particles below .01 mm and dry bulk density, 

(ii) Positive significant correlations are investigated between water permea- 
bility and Dqq or of soils. 

{Hi) There is no significant correlation of water permeability with Djo 
or Dqo and JJqo of soils. 

(iv) Air permeability in soil is mainly goverened by its cohesion. 

{v) Cohesion is a better index of the hardness of soil than dry bulk density. 
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RADIAL OSCILLATIONS OF VARIABLE MAGNETIC STAR AND THE 
ORIGIN OF THE PLANETARY SYSTEM 

By 

A. C. BANERJI* and K. M. SRIVASTAVA 
[Received on 10th January, 1963d 

ABSTRACT 

A variable magnetic star of spherical shape having mass nine times that of the sun was supposed 
to oscillate initially with small amplitude, It has been shown that the nearby ^passage of a star of about 
the same mass increased the amplitude of the oscillations of the magnetic star rendering them unstable. 
Consequently matter was thrown out from the magnetic star, and from this matter the sun and the 
planets might possibly have been formed. It is assumed that the magnetic lines of force lie on spherical 
surfaces concentric with the star and the electric currents also flow along these surfaces. The mechanical 
force of electromagnetic origin will be perpendicular to the magnetic field. The magnetic field H can 
be expressed in spherical coordinates. A simple possible form of H has been assumed. It is not 
necessary that the encounter should be close nor it is necessary that the intruding star should have an 
inordinately large velocity in order that the sun and the planets might have requisite angular velocity 
and might take sufficient energy from the parent magnetic star to escape from it. The sun with its 
planetary system need only take part of the magnetic energy of the parent star. 

The earlier theory of Banerji^ on the instability of radial oscillations of a 
variable star and the origin of the planetary system suggests that a star by appro- 
aching a pulsating cepheid variable star has caused it to throw matter which 
resulted in a plenatary system. The theory was deduced solely from hydrodyna- 
mical considerations. It is well known that the magnetic field of the order of one 
gauss exists on the surface of the sun. General magnetic fields of the order of a 

few thousand gauss have also been observed in the reversing layers of some stars. 

The observed polarisation in the light of distant stars seem to suggest the existance 
of a magnetic field of the order of 10“® gauss in them. It is quite evident that 
these accompanying magnetic fields will play an important part in the dynamics 
of the solar system. From theoretical considerations it is sometimes believed 
that all stars may have strong fields somewhere in their interior or in their 

atmospheres. But the reasons for this belief are not decisive# It may be 

regarded as a possibility or conjecture. A number of investigators have imposed 
magnetic fields of arbitrary geometry® on spherical stars. An axisymmetrib form 
of a magnetic field which is strictly compatible with spherical boundaries has been 
found by Rrendergash.® Chandra Shekhar^ and Fermi^ have shown that a uniform 
magnetic field tends to produce an oblate spheroid by contracting the sphere along 
the direction of the field. 

In our case we have assumed that the magnetic star has a spherical shape 
and is subject to small radial oscillations. It is assumed that the magnetic lines 
of force lie on spherical surfaces concentric with the star and the electric currents 
also flow along those surfaces. The mechanical force of electromagnetic origin 
will be perpendicular to the magnetic field. We shall consider here the radial 
motion. H can be expressed in terms of spherical coordinates.^ We assume a 

simple possible form for H which may be taken as » where, q h ^ positive 

integer, is a constant and Sa is a surface harmonic of order q* 

* Present address : 4A Beli Road, Allahabad - 2 
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Let Hq be the undisturbed value corresponding to H at a point. For a 
steady flow Ho docs not vary with time. 

We shall investigate the small adiabatic oscillations of a magnetic star. In 
our investigations we shall retain the square of the amplitude. 

Let P and p be the pressure and density at a point distant ^ from the centre 
and let g be the value of gravity there. Let |o/Po» So denote the undis- 

turbed values. We fix our attention on a particular piece of matter at distance ^ 
from the centre so that § oscillates with pulsations, 

Eddington (1926) and Sterne (1937) considered only very small radial oscilla- 
tions the squares of whose amplitude could be neglected. But we shall retain the 
square of the amplitude in our equations and try to investigate their solutions. 

We are concerned with the motion of a particular piece of mattei^, and 
hence we write down the equation of motion of a particle along the radius vector, 


‘i - = R - 


JL ^ 

P 


( 1 ) 


where, R is the component of external forces per unit mass in the direction of 
Viscosity is neglected. 

The star is supposed to have only small radial oscillations and it is assumed 
to have a spherical from so that if any transverse velocity is generated due to H, it 
is very small and negligible. In another paper we shall investigate the oscillations 
of an oblate rotating spheroid and take account of the transverse motion. Strictly 
speaking, due to H, the displacement of an element of matter initially at c^o is 
not merely a function of and the time but depends upon 0q also. There will thus 
be greater degree of damping'^ than what is associated with the spherically 
symmetrical type of oscillations. It does not concern us to find out the exact 
measure of the displacement. We are required merely to investigate the stability 
or otherwise of the radial oscillation. 

Neglecting in the present case, the equation reduces to 


I = R 


L ^ 

P 


The second equation is a statical equation. 


( 2 ) 


Now R = - + (J X H)g where ( J X H ) ^ is the component 

of ( X ft the direction of (3) 

Here J is the electric current density and is permeability 

Now® ( T X H ) = - grad (^^ ) + div ( ) (^) 

where the last term denotes the divergence of a dyad. This equation implies that 


t 126 } 



together 


the force ( J X f* H ) is equivalent to a hydrostatic pressure 


Bit 


with a tension 


^ ^ ■ along the lines of force. 
47r ® 


We therefore get the radial equation, neglecting viscosity 


V = - 


1 

P 



/* H3\ 
Stt / 


(5) 


where g, P and P denote distance from centre, gravity, density and pressure 
respectively, at a point, and go, P„ and are_the corresponding values at the 
same point in the undisturbed state of the star. H is the strength of the magnetic 
field given by 


H = 


l,S\ 




|<l+» 


( 6 ) 


we take /jS, = /, because we have to consider the radial oscillations in a fixed 
direction 0, 

Define pj, Pj and Hj by 

I = ^o(l + li),P =Po (l+Pi),P = Po(l+Pa).H==Ho(l + Hi) (7) 


where Pj, Pj and Hj are small quantities. 

We shall keep later on small quantities of the second order, that is, upto 
etc. 

During the motion the following equation remains true ; 

Po d(o = Pi^ di (®) 

For adiabatic changes the pressure and density of a particular piece of 
matter are connected by the relation 


whre 7 is the effective ratio of specific heats (regarding the matter and enclosed 
radiation as one system). 


We get from (7), (8), (9) 


1+Pi = 
1+Px = 


1 


1 + ^1+ loll') 

1 


l + Hj= = 


(i+ii)*^ (i+ii+ioii'fy 

1 


H 


( 10 ) 

( 11 ) 

( 12 ) 
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where 


03) 


wc therefore have 

’i= - 


jo 

( ' + 


Pr. 


+ Pq 

dP^ 

dto 

< 



dlo 



From equation of undisturbed state we get 

= — p p 

,and + = (l+H,)® 2H, + 2IV (1+^0 ^ 


g^8q+5 (i_l.e,)8q+3 


where = £--5+^ 

bo 

The equation (14) may now be put into the form 

'i = " [ (iTiJa ~ (l!+| )aY-2(H-«i+.^ .V)y 


Poa+i})" 


[flT 


1 , (l + li)** r 2%±2) (1 +li.t net 
;;i7)vJ ‘ 87rf>o L J 


L (i + ij2Y(T,4rf;+i;^^y)yJ ^ ■ STTf'o L (i+l3.)a«+“ J 

Approximations*^ 

We shall neglect higher powers of lx etc. than the second 

(i + Pj^) = i-'y(3,\+ioii') + { i'(3y + 1) ?i'‘+y(3y+ 1) 

i?!. = - 7(4^/ + lol,") + r y(4V + 2) + y(y+»)SoV ^V' + 47(37 + 1) + 

dio ' ^ 

7(37+1) lil/lo ] . where = sV' 

Hence (1+Pi) + = 1 - { (37 -2) |i + V^oli' } + { ( I ^ + ‘) + 

7(37 - 1) } • 
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=- ')'(4^i' + lo«i")+ ( 4v(3y-l)|i|," + 2y(2y + l) + 
y(3y-l) +r(y + i)|^2|^/ 1 " . 

-( 2 «+ 3 ) { , 

(l+li) =1 1- (2? + 3)^1 + (2 j+!))(5+2) IjS . 

= [ 1 - ( 2 ?+ 2 ) + ( 2 ? + 3 ; (j + 1 ) feV+lo?i' 

- (23 + 3 )^o^il/ ] 

We, therefore, get from equations ( 14 ) and ( 15 ) 

^ = £o [ 1 - (3r-4)i“i -y|,li' j + { ( -|- 72 __|_y _2 ^ I^a + y(3y-l) 

lolili' + loV" } ] + -^■>' [Wi'+foli") - I 4(3y-l) + 

2(2y+ 1) loll'* + (3y-l) lolilx" + (y + 1) loW j ] + 

1-C2?+2)Ii + ( 2 ? + 3)(j+ 1)1x2 + _ (2s + 3)lolili'] (1?) 

U o ^^*(?+2) 

where S = — — 

47 r 

Let us assume in the beginning that is small and that 

$1 = ^i(^o) cos nt - a^i^o) cos 2/i^ - ^3(^0) (1^) 

where ^ido) ^ small quantity of the first order and ^2(^0) and a^{io) are small 
quantities of the second order in we neglect small quantities of the second and 
higher orders. 

Now I = lo ( * + where \ , 'i = 


Hence | = 

^0 ii = - 

cos rzif — 4 ^ 2 ( 10 ^ cos 2ni ^ 

(19) 


= Oi do) cos ni - 

«/ do) cos 2 «« - 33 ' do) 

(20) 

h" 

= a^" (lo^ cos ni - 

do) cos 2 n/ - 33 " do) 

(21) 

where 

4 ' — ^ll 4 " 

■=1 - 75 - > SI 

’ ' 
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substituting in (17; we have 


[ + go [ - (37-4) ^ | + lo«i" | + -|W- H 

I SoV ~ 2(g+l) fli ■ ] cos nf + [ - 4 n%a 2 + ■ (3y-4) + yl^a'a + -i 

(37-4) (37+ 1)%^ + 1 7 (37 - 1) |o<7j + i- (7+1) 7loV* 1 + 1 " W 

- ^o«a" - 2 (37 - 1) V - (27+1) (37 - 1) a/ - -L (7+1) 


%' %" \ + 


2 (?+ 1) ^s + (3+ 1) (23+3) _ (23il) 


fo "x“j' I ] cos 2ni + [go • (37-4) fl3 + 7|o V + 1(37-4) (37+ 1) fli* + 

i 7 (37- 1) 7(7 + l)^„*a/2 . + Lol. |__ 4 ^ 3 ' - - 2(37 - l)aj 


- (27+1) W* - -1 (37-1)4«, < - 1 (7+1) S_ 

/ ^0 

|l + 2(3+l)fl, + J (3+1) (2?+3)«,- - ^,«g' - -tel) I J ^0^22) 

Putting the coehcicrts of cos nt, cos nt, and the terms independent of time to 
be seperately zero, we get. 


a/' + 


< + [ 


4-v S 

4 " 


1 fl ' + r jfl'o . - _ 2(3+ 1)S 1 

l'o7 io^ J " 1 -' 


-id-K ^ 1 a,' + r -^”‘‘'’0 - 4- 2(?+l)S -1 ^ 

^0 J + L 1^7- «» = Q ( 24 ) 


r i--’' _ ,. 1 a ' + r _ _£2( 2(?+l)S 1 „ _ o 


where v = , a = 3 — i_ and S = + 2)(® 

Po ’ 7 “■ liirPo 
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Ci = j -n (3^-0 - - 

12^ p^y 4 


(y- n ir. . S (g+i)(2g+3) , 

^ ^ lo^ 2 j ^ 


+ lo«iV[ + -i(y + i){ -|^| ] 

+ j 1 -i (y+l) V I 


Bouadary Conditions : — 

From equation (6), we get 

ik^’ ^'■’•”‘>+1 -.J (!+{,)• 

Po «?0 I 


1 ) _ (l+l,)” P 


■a+ii)“ J 


Po Stt dio 


J 1 <^Po „ 

and — ^ = ~ So 

P O d^o 

we get, 

^(PoP.) + ‘i/So== { O+^i)* - -(T+^ 


j 1 - 2(? + l)li + (2g -1- 3) (j + 1) + loll' - (2? + 3) lo li li' ' (29) 

At the boundary Pq is infinitely small, and 

^(Pq Pi) ==p 
rfP„ " 

Hence at the boundary 

-(l + li)®Pi+ I/go = I (l+li)®- 2 (g+l)li+ 


(2g + 3) (g+l) lx"* + R|i' - (2g + 3) R li li' [ 

) 

where |i, gg, I have their corresponding values at the boundary and lo = R. 
Now (30) may be put in the form 


(i+Pi) (i+li)’ = ilso + 


(i+lii* 


£ 2q+5 
^0 


1-2 (?+l) li + (2j+3) 


(5+l)|,a + Rlx' - (2g + 3) Rlili' 
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t •> I ; j • ■ ( 

Now, we have, upto small quantities of the second order. 

Pi = y^i + R|iO + I r (7+1) + 7 (37+ 1) + I y (37+1) 

Rli^i' + 2-7(37+l)^xa '• 

Now, substituting in (31), we get at the boundary 


ilg = 


I (37-4) I, + y|x' R I + I 

4 y (7+ 1) R* lx'* 1 + _ 

^ J 8o 

+ R|i' - (2j+3) lx lx' I 


S 

RSqTs 


(37 - 4) (37+ 1) li^ + 7(37 - 1) Rl, lx' + 
- • 1 - 2(j+l)|, + (25+3) (5 + 1) Ix^ 

(32) 


At the boundary |q = R. 

Now putting N = . (32) reduces to 

|/g = N - [ I (37-4) --N(25 + 2) I lx + R|i'(7-N)] + [ | i (37-4) (37+1) 
+ N (25+3) (5+1) I lx® + I y (37- 1) _ N (25 + 3) | R|i |x' 

+ ^ 7 (7+1) Ra I/* ] (32A1 


Now substituting for and ^ from (18), (19) and (20) and equating the 

coeficient of cos cos 2nt and the term independent of them separately to zero, 
we get at = R. 


ai' ( 1 - y ) + «i I 
V ( 1 - ^ ) + a* 


^ 2N(5 + 1) ) 

R ?o7 R7 j 



2N 

R7 


(?+))- 


4n^ ) 
go7 j 



(37+1) + 


(33) 


N (25 + 3) (5+1) l a 1 
+ 2 


(37-1) _^(25 + 3)Jaxfl,'+ I (j + l)Ka^'^=0 (34) 



2N 

RV 


(5+1) [ + 




2R 


r- (37 + 1) + 
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N (25+3) (5 + 1) i . , 1 


(3V-1) - mq + S) 


flifli' + 


i (7+l)Ra,'* =0 (35) 

Case I Sphere of uniform density. 

We consider a sphere of undisturbed uniform density p. 

The mass of the sphere of radius io = ^ undisturbed value of gravity 

and pressure are : — 

go = i ^ G7 |o and P„ = 1|L G> (Rs _ 

Where G is the constant of gravitation and R, the radius of the undisturbed star, 
we have from (26) and (36) 

2^2 

V = ’ where lo = R* 


substituting the value of |oi Po and v and putting == in (23), (24) and (25) 
we get 

*4<i+6 (1 _;ta) + [ {4-6xa) + L * (1 ~x^) ] 


+ [ (|8-2a)*a<i+5 _ 2(5+1) (l-«a) l] n, =0 


(37) 


[w -2«) xaq+B + 2(5+ 1) (1 -x^) L ] a, = Q_o 


and (1 -*2) + [ (4-6*2) ^aq+4 _ L* (1 -*2) ] -^ + 

[ - 2 «A: 2 q +5 _ 2(5+1) (1-*2)l ] a^ = Qo 

where L = 

and 0.0 = 1 i (37-1)^- |.(y-l)a.( 5 +l )(25 + S)-^^^ ] a,2 + 


.^.(,+ 1)0-2.,)+ <?gJ> 


L 

^2lq-f4 j 


(38) 


(39) 


ai yri. + 
ax 


1-4(V + 3),> (^)’<») 
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attd $ — 


27rG py 

We now put dashes for differentiation with respect to x. The boundary 
conditions are at 1 

2ai + (2«— =0 (41) 

2a,' + C2«-4j8) + I «(3y + l) - i(? + l) } "i® + | (3V-1) + 

~ (2?+ 3) -™ } ''r + ~ (Y + 1) =0 (42) 

and 2a,* + 2aa, + | | «(3r + l) - i (, + 1) (2gf3j | + | (Sy-l) + 

(2S+3) ^ a/ + I (y + 1) ai'9 =0 (43) 

where (fli, Oji' have their relevant values at ==* 1 

We shall now get the solution in series of the equation (37) and investigate 
the convergence of the aeries in the interval 0 ^ at <J; 1. 

It is evident from the from of (37) that the boundary condition (33) will be 
satisfied if remains finite at :¥ = 1 , 

The differential equation (37) is of the second order and it has irregular 
singularity of the order of i2q-\-5) at the origin and a regular singularity at a? =« 1. 

Substituting in the differential equation (37) the following 
series ai ^ ^ ^ (^^4) 

By equating the coefficient of the lowest power of x, we get the indicial 
equation which gives only one root. 

c - 2(q+ l) (45j 

We, therefore, expand the solution about the origin in a power series of the 
form (44) where c is given by (45), and assume arbitrarily fto=l, (as the equation is 
linear). 

We obtain a 4 term recurrence formula. 

[ (2? + X + 2) (2j + \+5) J - — 2 [ + 4" (^-2a)] 4- 

+ ^ S + X+3»+'' + ^> -LS+X+l + 

[ IM J 



Arranging in powers of X and dividing by 2 , we get 


- ^g + ^ + > 
*X-2 


}] + [ (23 + 2) (2j+5) 


''x-2 


+ + „ |]=0 

Dividing by and proceeding to the limit as X-->od , we have 


- ( 23(23 + 5 ) +(i8-2a)| 
(47) 


Let 


then, we have 


°X-2 

Lt 

X->eo 


‘’X-1 




(48) 

(49) 


Lt 

Therefore (48) becomes 
Hence from (49) 

Lt 

K 

In case Lt — 




*X-2 

= 0 


"x-l 


± 1 


(50) 


®X-1 


— 1 5 the series (44) is divergent. And when 


Lt 




= 1 , the series solution for (37) has unit radius of convergance. The 


series solution (44) is convergent in the neighbourhood of the origin. We proceed 
to test the convergence at x = 1 , 


Now, let 




= T 


where e is a function of X such that 

.=o( -J-) 

V X<7 / 


(51) 


( 52 ) 


^ being positive. 
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= 1 - (2j + 5) e 


(53) 


Then we have 

'^\-2 

\ + X + l 

to the first power of s. 
From (53), (54) and 
-ex2=X 


= ( 1 ^,) 2?+5 

= (l-a)^? + 3 

(^7), we have, keeping terms of the highest order. 


Whence we have 


(54) 


(55) 


X 

Hence from (SI)^ we have, 



(56) 


(57) 


if we do not neglect higher powers of s than the first (57) shows that the series 
solution (44) IS divergent for a: = 1 (Gauss Rule). 


Hence, we have, by an extension of Abel's theorem to series divergent on 
the circle of convergence, 


U ^ 



=; CO 


(58) 


Thus the amplitude of oscillations increase without limit as we approach 
the surface of the star. 


Now consider the solution of equation (38) 

As in the case of equation (37), we can show the series for the complementary 
function of (38) to be divergent. 

For the particular integral of (38) we note that Q, is a function of ai, and, 
hence, diverges, as we have proved aj^ to be divergent. Hence the particular 
integral of (38) is divergent. 

Therefore no convergent series solution for (38) can be found. 

The series solution for (39) can similarly be shown to be divergent. 

Hence all a^, and in the expression (18) for are infinite. 


as a^, 


Also It is impossible for the boundary conditions (33), (34), (35) to be satisfied 
and ag do not remain finite at x=,\. ' 


is 


Hence we see that given by (18) can not remain finite 
that no radial mode of oscillations are possible in this case. 


, and the conclusion 
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Case IJ. The density varies as the />*'» power of the distance from the centre 
(where is a positive integer excluding 1 and 3), except in a small, finite core of 
constant density surrounding the centre. 

Let a small core of radius a inside the star of radius R have uniform density, 
and let the density Pq of the undisturbed state outside the core at a distance # 
from the centre (a ^ ^ R) be ° 

pQ = (59) 

Let Pf, be the undisturbed uniform density of a small core of radius a=AR (60) 
where R is the radius of the star. 

And let P be the mean density in the annulus. We have 


Pa 


k _ k 
~ Rp. pP 


(61) 


and if- f ^ [ .J 3 iff + 5 (62, 

From (60), (61) and (62), we have 

A = { p (^ - 3) pP-3 (!-/*») RP}/3 (1 - /^p-f) (63) 

and p = {3 Pa (1 -pP'^) P^}l{p - 3) (I -P®) (64) 

The undisturbed value of gravity, at a point is given by 

[ T 

where G is the gravitational constant. 

From (61) and (65), we have 

TtkG 1 / p _ 3 V 

~ 3 ip - 3) ‘ ^ 0 “'® / 

/_p (66) 

3 (p - 3) i?P“^ . *2 \ flP-® xP-® / 

where lo ^ ( P ^ ^ 1 ) 

Integrating the hydrostatic equation of equilibrium in the undisturbed state, viz, 
== _ 

] 


we have, for the pressure Po at lo> 

„ _ 4 :rfcaG /_L 

— 3 (/.-3) i?ap'2 I (j£)+ 1) PP'® 

[ m 



assuming that the pressure vanishes on the boundary. 

Hence, we have 

V = loPjo == (/> + l) (2;ft- 2) (pxf^-S 

>'(2/ - (I - xP+i; - 3 05+0 


Also let m 


M?± 2) I a 

47Tk jRaq-p+s 


( 68 ) 

(69) 


where M is permeability and is different from — . 

K. 

Substituting from 66, 67^ and 68 in equation (23) we have for the annular 
region : — 

[■^2g-/> + 5|' + + ;«2?+2 p(^2p-2) - + ^ 

{ ^PiP- 0-3(^f + 

|.j.2?-i> + 4. (j)+l) (j!>- 3) -2 (/»- 1) (i>-.3) + 4 

I 3 (^+l)/x-?“3 -2j!) - 1) 1+ M /2i) (/»- 1) 

|2/.(/.-l) - 3(i-+lj/x^-2j- 3(^+l)^x^-2^ 

^6^2s-/>+3 ap[^- 1) ~ 2 m (a+X) i^2p{p- \)x^ - ^ 

■[2/»(p-1)-3(;.+ 1)m“ ^ j -3 (/»+l)M^“''^ j] ai = 0 (70) 

Where f = • i P^- 0 (/-3)Rp pP'^ 

4ir&Gy 

We assume for the solution of (70) the following series 

fli = / I x^ (71) 

As the differential equation (70) has an irregular singularity at the origin the 
indicial equation gives only one root 

« = 2(g+l) (72) 

where b^ is arbitrarily assumed to be equal to one. (as the differential equatiop 
is linear) 


t Isa-] 



kow to find out the recurteaCe- formula equating the coeflnicient of 
we get a 7-term recurrence formula 

- 3(^+l)f*^'-3| (C+X-2/. + 1) |+ 6^ (c+X) 6/.^ ” ^ 

(p+l)(p-3) - 2p(p-l)(p-Z) + 4 I 3(p + \)iJ.^~^ -2p(/»-l)| 

- { w-» 

(p>-l)J^ - 2'"(?+l)[ 2#((-0»2, + p^_2f + 6 " 

-3(;,+ l>f-3J _ 3(,+ iyP-3 _ 0 ,,3, 

Arranging in powers of A. and dividing by ^^^2p-\-2 

k» [ ~3(p+1>^-3. A 4- _ !x-P+3 . |2X;,.1) - 3(p + 1) 

,*\-2p+2 ‘’\-2p+2 <- 

1 + X [ -3(/.+ l>^~^(4j+3) + 2X;>-1) (4g-2/» + 9) 

{2X/»-1)-3(/)+1)/^“H (4g-4p + 7) + 6f*^"^(/.-l-l)(/.-3) 

X — 2j> + 2 ' 

X t „ 

V - - 2X/- -!)(/. -3) +4 f 3(/. + l)/^^”^ - 2p(p-l) } 

b\-2p+2 h-2p+S l ' .j 

+ m[ 2p{p-\) ._ ^ jg +X-2/+6 _ r2p(^_i)3(^q,j)f,/’-3| S+x-3j>+ _ 5 

^ ^-2p-l-3 \_ r r j b^_2p+2 . 

h b 

- 3(^+0^^“^ . 2 g j^ X-/>+ 3l ^ T _6f^4.i)(j+i) (2 j + 1)___A 

\-2/> + 2 ®X-2^+2 
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+ ^p{p - 1) {2q -~p + 5) (2? -p+i) \2p{p-l)-3{p + l)^J>~H (2q - 2> + 4) 

°\~2p-{-2 ^ •* 

(Jiq~2p+S)+ (p + \)(p^3)(q+i) ‘’A - 2pip-\)ip-S) 

^-2/> + 2 

(2q-p+b) -1-4 - 2p{p-\) ] (2?-2j,+ 4) 

+ OT I 2p(p- 1) (4i7-2i» + 8) .S + ^“2/> t6. _ j 2p(p- l)-3 (/)+ 

"\-2;> + 2 ^ J 

(4q-3p + 7) ^(l± A r J l± ^ ^. - 3(p+l)/^P'~^ (4q-p-h5) ~^^-:^-^-^^£^^ 


N - / —r — KI /’ T ’ I jr 

P\-2p+2 

^ b 

+ f W_ + .._A 


<’\-2p+2 


'\~2p + 2 


°\’-2p+2 \_2^4 2 *X-2j> + 2 

(?+l) [ 2 j 6 (/>- 1 ) + I 3 + 1 )] 

X. 2ib “4" 2 J 


i? 2 ±i-rrSi±l _ 3 (;.+i),. 

*X- 2 j& + 2 


\-2 p +2 


Now we divide by and proceeding to the limit as X^co , we have 

p{2p-2) <1-1^1 ..A"i'±L„ i_Lty^- I (; 

[ \- 2 j» 42 j 1 ^A- 2 ^ + 2 


Let Lt 


Then we have 

Lt -A-Mi-- = Z and Lt ^ 


2/»-2 


"\- 2 p -\-2 

Hence (75) reduces to 


A- 2 /> + 2 


^ (2;>-2)( 1-//* + ^) -3 (^+l)/^^"^(l“/^^“^) 
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( 79 ) 


Therefore from (76), aad (78), we get 


= i « 1 


Hence^ the series solution for (70) has unit radius of convergence. 

This is convergent in the neighbourhood of the origin right up to the next 
singularity (^if=l). 

We proceed to test the convergence of (71) at 1 

From (79) we have all the terms ultimately to be of the same sign, and 

=1-6 (80) 


Where e is a function of \ such that 


p being positive. 
Then we have 

\ 

\-;>+3 

^K~2p + 2 


=0 (— ) 


= (1-b)'^^"^ = l-(2/>-2) 




(1-e) 




=(^ 1 ^ 27 + 4 *) 

^- 2/)+2 

^2g-f\-3p+5 + g 

*X-2/)+2 

S+X-j.+3 = + E 

\-2p + 2 J 

From (74) and (81) we have, keeping terms of the highest order 






Hence, from (80) wc have 
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if we do not neglect higher powers of e than the Hrsti 
(84) shows that the series solution (7 1) is divergent at ** 1 . 

With proper substitution equation (24) reduces to 

{ -3 (/)+l) /, (2^~2) (/>-!)- 




^3{p-\.\)l>.P-^ ^2p{P‘l)^~m ^2p{p~\)xP~^ ~x^P~^ 

[ 27 ) ()>- l)-3 (/)+l)/*^“3 I _3 y/ ^2g + 3 + S 

-2x'^ 9 ap{p*-\) ^2m 1) |2y 3. ^2^-2 

{2/»(y-l)-3(/. + l)/*^-3}-3 (/>+l)/*^-3}] (85) 


Where f 1) {p • 3) RP P-^ 


and Q, is given by (27) 
funciM or m “’L°«'v2rg,w? 


For the particular integral of (85) we see that Q. is a function of a. and, hence 

fsSjT^ve’rgTn, ‘° “““ "" 

Therefore no convergent series solution for (85) can be found. 

The equation (25) becomes 


[^2?-y+5| ^ ^2q + 2 ^ (2/.-2) - * + 2y (^- 1)- 

V 

3(^+l)f*^^^]- y2^-+ [*^^“^+^6/i^“V + >)(i>--3)-2*^^+^ Pip-nip-S) 


+ 3 (p+iyP ^- 2 pip-\) j -m | 2 /.(/.- 1 )*/’"^ 
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[ 2p(/»-l)-3 j -3 {p + \]iiP~K'^J^ + [6x2e-;> + 3 ^^-3 

ap{pi-\)-2m {g+\)\^2p(p-\)xP~^ |2/(p-l)- 

S(/.+ l)/*^"^j-3(p+l>'^*^} ] fls = a ' . (86) 

where Q,is given by (27) 

The series solution for ^^86) can similarly be shown to be divergent, Hence 
none of 02 and ^3 in the expression (18) for is finite. 

The boundary conditions (33), (34) and (35) follow from, (23), (24) and (25) 
when Cit and are finite. 

In this case we obtain the corresponding boundary conditions as follows. 
Dividing 23, 24 and (25) by v we have 


«l" + 

r 4-v S ■] 

1 a / X f . 

a 

2(5'+ 1)S 

V 

t v^o 

1 ^ ^ L PoW 

‘17 

vlo^l+s 

V + r 

' 4-v S 1 

\ cu' + r - 


2(y+ 1)S ' 

— + L 

' v|„ v|,2<i+* J 

1 + L P„vy 

^0 

v|^aq+6 


■] = Q, = 


(?+1)(23 + 3) 


2 |^2q+s 




fll® + lo Oi' 


[ ^ + ?<>'+» ^7 )] + It- 7 


and 




t 


{4 (37-1) 


4 — V 

~W7 

n^pQ 

Povy 

s 


v|^aq+i 


]•'.+ L-^- 


%+t 


3 


O 3 = 


4 “ 

4 




_s 

£ ‘2 +5 
^0 


(g±JU2g ±8) a, 


2j + 3 

2v * 


(89) 


Now when x = 1 

p„ =0 

47rK2G 


= loPo^o = [ 


pxP-^-3ti^ » 


■’-3M'’ » 1 
3(p-3) R*''-2 ■ Vp-* /p-3 

[ ] 



_ 47rKac} (j&- 3 ^ . 

\p~Zj R'ip-a'/xp-a ' ^ quantity. 

and V 00 , as Po = 0 and = R 

and .fJlk+31 0 as V CO 

v&j,aq+s 4 ^g_ R*'J-p+ 3 : 7 ’ 'J as V -» CO 


0 as V 


similarly 




—> 0 as V — > 03, 


Hence, equations (87) and (88; become for finite ai and 

a,' + ( " - a,= 0 

^ V R Tgo / 


and V + ( ) «, + ( i (3r- .) - I (r- 1, }..a + 


Now from (90) 


““ 'I } V - I {y+i)\W^ =0 


yio 

Hence, we have 


+ -g "i® 


|(3V-.) “-V= {‘(3V-,) --^(r- 1 )} 

-^fla" + 4(3y-l)aiV 




Also we have from (90) 


ygo R 


-) a, a^> 


Hence, wc get 


-5 (^ + 1) { fz - R- } - T + = T 


(y+l) Ra ,'2 


(y+1) Ra'^ 
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Therefore equation (91) becomes 

+ ( "IT” T (3V-1) ai'+ i (y + n Rfla'^=0 ( 92 ) 

Similarly, we have, when is finite, 

+ T ^ + T - 1) a,a,' + 4 (V+ 1) Rfli'* = 0 (93) 




R 


Equations (90), (92) and (93) are the boundary conditions which are the same 
as the conditions for the case when there is no magnetic field. 

It is impossible for the boundary conditions to be satisfied, as a^y and tfg do 
not remain finite at ^=5 I 

As is the predominating first order term in the expression for in (18), 
becomes infinitely great when a?j=: 1. 

The conclusion, therefore, is that no mode of radial oscillation is possible in 
this case too. 

i^In the opinion of Kopal (1938) S cephei-Fg stars seem to approach , the 
limit of homogeneity, Chandrasekhar stated in 1938 that the giants should be 
more homogeneous than the main series stars. 

The Gepheids and Cluster-type variables which occur in the ‘‘super-giant’’ 
regions of Hertzsprung-Russell diagram must be much less concentrated towards 
the centre than the typical main series stars. Eddington has also emphasised that 
the Gepheids should necessarily be more homogeneous than ordinary stars. 

Hence a passing star will bring about some sort of resonance phenomenon 
bv increasing the amplitude of pulsation through tidal influence and making 
system unstable, so that matter rejected to suitable distances to be formed 

into planets. 

If Tj is the kinetic energy of revolution of the planets including the asteroids 
and the satellite* round the sun, 41 qould be shown that I, = — a — ^ 


Where M mass of a planet and f semi-axis major of its orbit 

ME; *= mass of the earth and yg semi major*axis of earth’s orbit 

Te = sidereal period of the earth’s revolutions round the sun 

It can be seen that I, < 3xl0i» ergs. If Ij is the kinetic energy of the 


planets including satellites and asteroids then 13 = 


47r^ „ M/ta 


{2 


where t is the 


neriod for the axial rotation of a planet. It can be seen that 

oraviiational energy of the planet and .statellites is If’ = i S MV where T is the 

gravitational potential at the planet of mass M due to the sups attraction, 
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where O is the suns mass and v is the constant of 


Hence S-“ 

gravitation. 

We found that fV 2 x ergs 

Hence the total energy of the planetary system + PF < 6 X 

10 ergs.**^* 

According to Eddington the total store of available heat energy and radiant 
energy of the sun consists of 2.97 X 10*® ergs in the form of material kinetic 
energy, radiant energy and an unknow amount of energy of ionisation and 
excitation which is somewhat less than 2.7 X 10*® ergs. It will not be unreason- 
able to take the total available energy at least to be 3 X 10*® ergs. The total 
mass of the planets would lie between G/500 and O/ICOO, Hence the total energy 
stored up in them when they were not separated from the sun would be at least 
3 X 10*®. This is at least 5000 times the present energy of the planets. 

Let us take the mass of the parent Gepheid to be that of the representative 
Gepheid, Gepheid which is nine times the sun’s mass. Taking Eddington’s 
figure for the radius R of the star = 2.32 X 10®® c.m. the negative gravitational 
potential energy in contracting from infinite diffusion to present radius R - 

A 1.4X10*® ergs from which we get material kinetic energy, radiant 

2 R 

energy and the energy of ionisation and excitation. Now on account of dynamical 
instability caused by near-by passage of a star of mass of the same order as 8 capheid, 
material will be ejected from the parent Gepheid. The energy required in 
ejecting material of mass more or less equal to that of the sun to a sufficient distance 
was calculated so that both the sun and a part of the planetary ribbon that is 
formed may escape recapture by the parent star. 

The average differential velocity between two star is about 20km/per sec. 
As the ejected material had originally been a part of ^ the parent star, the differen- 
tial velocity between the parent star and the ejected material due to near-by 
passage of a star can hardly exceed lOKm^sec. 

If we take the differential velocity to be 8 Km/per sec for the ejected material 
with a part of the planetary ribbon, then in order to cxcape capture by the parent 

Gepheid it must be ejected to a distance greater than d given by 


where r=8 Km/sec. whence we have 3.6 x IQi® cms. 

The radius of the parent Gepheid being 2.32 X 10*® cm., the material equal 
to the Sun’s mass will have to be ejected to a distance at least 1600 times the 
radius of the parent star in order to avoid recapture by it. 

The hypothesis is that this ejected material with part of the ribbon ultimately 

( ) 



condensed into our sun and the planets j, the passing star as well as the parent 
Cepheid being responsible for giving orbital motion of the planets round the sun. 

Now Pluto is at a distance of 6 X 10^^ ems from the sun. If at any instance 
it comes between the parent Gepheid and the sun^ its distance from the parent 
Cepheid would be at least of the order 3 x 10^^ cms. 

(3 X ^ re- 

captured by the parent Gepheid. 

There is also no difficulty about angular momentum. The distance 
of ejection d to avoid recapture by the parent Gepheid should be at least 
of the order 3.6 x 10^^ cms. or greater than 200 Astronomical units. Now taking 
the angular momentum per unit mass of the earth to be unity ; and using the 
formula I (!+;«) for angular momentum per unit mass of the parent Gepheid 
where I semi-latus reaction 400 astronomical units^ and x is the ratio of the mass 
of the parent cepheid to that of the s un = 8, we get the angular momentum per 
unit mass of the parent cepheid to be V3600 units or 60 units. This is more than 
sufficient to give the necessary angular momentum to the planets to revolve round 
the sum as the average angular momentum per unit mass for the planetary system 
is 2.63 units. 

According to the present theory, the parent Gepheid would also have a 
planetary system round it. 

The energy required by the sun to be ejected to a distance of escape and to 
have a velocity of 8 Km/sec is given by 

w = I -f o A v | v 

5 2 a a 

where a is the radius ot the sun = 6.95 X 10 cms, y == 8 Km/sec and w = angular 
velocity. 


r C, G. S. units as period of the sun‘s axial rotation is about 

2dXii4xbO^ 

28 days. 

Substituting these values we get W<6Xl0^crgs 

The magnetic energy may be taken to be ~ — P®*" volume. The volume 

of the parent Gepheid may be taken to be 8 times that of the sun. We can not say 
what H is for the parent Gepheid or the sun. But it is not unreasonable to suppose 
that sun with its planetory system has taken away part of the magnetic energy 
of the parent cepheid. 

The sun has therefore taken about 2/5th of the energy of the parent Gepheid. 
As the passage of a star close to the representative Gepheid need not be grazing or 
even very near and as only two bodies are involved, our theory maJtes a ss 
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number of assumptions than any other catastrophic or any fission theory, and is 
definitely more probable. One conclusion seems irresistable : —If the theory be 
correct in its essentials, there may be more planetary systems than at present 
supposed, and if life on earth be the result of an orderly natural process some of 
the other planets in other systems may be inhabited by beings like us. 

One of the authors thanks the Council of Scientific and Industrial Research 
for the award of a research grant. The authors are grateful to Dr. A. Sharoaa for 
correcting the proofs. 
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